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PREFACE

‘This report was prepared by the Energy Technology Division, Oak Ridge National
Laboratory, P.O. Box 2009, Oak Ridge, TN 3783 1-8088 , for the Environics Directorate
(AL/EQ), Suite 2, 139 Barnes Drive, Tyndall Air Force Base, Florida 32403-5319.

This report describes the thermal treatment of plastic media blasting. Plastic media
blasting (PMB) is a process employed by the Air Force and others to strip protective
coatings from aircraft and other equipment. The waste is made up of about 90% plastic
medium and 10% paint residue, when garnet is not used. The plastic medium, being an
organic material, can be thermally decomposed into gaseous components that can be

" released, thus reducing the waste to be disposed of to a fraction of the untreated waste.
The results of a pilot test in a fluid-bed reactor treating two combination streams of PMB
waste are presented, including life cycle and cost analyses associated with operation. The
cost analyses indicates the fluid bed reactor thermal treatment process can be cost-
effective in some cases when compared to direct landfilling.

The project was initiated under Capt Helen Jermyn and completed under Lt Phil P. Brown
and Lt Ray A. Smith of AL/EQS at Tyndall AFB, Florida. '
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EXECUTIVE SUMMARY

A. OBJECTIVE

This document provides information regarding the thermal treatment of plastic media blasting (PMB)
waste generated during aircraft protective coating removal. The information is to help the Air Force
decide whether and how to install a thermal treatment system for PMB waste generated by Air Force.

The information addresses six major areas:

Mass and volume reduction of the waste.

Retention and releases of hazardous components and compliance with laws, regulations, and
guidelines. ‘

Economic analysis, and a restricted comparison with current waste disposal applications.

. Cursory environmental impact. :

Initial estimate of possible impact of "pending” and other regulatory changes.

A conceptual design report suitable for providing design specifications for a production scale
unit. :

N =
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B. BACKGROUND

Plastic media blastirig (PMB) is a process employed by the Air Force and others to strip protective
coatings from aiicraft and other components. This process employes plastic particles which are impinged
on the coatings to remove them. There are several different waste streams generated by the process. At
Hill Air Force Base, which was used as the sample base, and the source of waste used for testing, the
waste amounts to an annual mass of approximately 125 metric tons. This waste is a fine powder
consisting of paint residue and flakes and plastic blasting media. Because this waste contains chromium,
cadmium, and other hazardous components, it is considered a RCRA hazardous waste, and therefore
must be stabilized to meet regulatory leachability criteria. To reduce the cost and improve the economy of
plastic media blasting, a reduction in mass and volume of the waste is considered. The waste is made up
of about 90% plastic medium and 10% paint residue, when gamet is not used with the plastic medium.
The plastic medium, being an organic material, can be thermally decomposed into gaseous components
that can be released, thus reducing the waste to be disposed of to a fraction of the untreated waste [1,2].

An earlier project to treat PMB waste employed a rotary kiln to decompose the organic matter.
However, during the pilot test, the PMB waste foamed and adhered ta the kiln chamber. This result is
unacceptable and a decision was made to use a fluid bed reactor process to thermally decompose the
PMB waste.

C. SCOPE

The results of a pilot test in a fluid-bed reactor treating two combination streams of PMB waste are
presented. Included are life cycle and cost analyses associated with operating a fluid bed reactor at Hill
Air Force Base to treat the PMB waste generated during paint removal. Section | is an overview of the
technology. Section Il describes and characterizes the waste generated by the PMB operations. Section ‘
It describes the test protocol, test resuits, ash stabilization, and cost analysis associated with the fluid bed
reactor process. Section |V describes a life cycle analysis associated with installation and operation of a
fluid bed reactor located at Hill Air Force Base. The conclusions and recommendations are listed in
Sections V and V1.




D. PILOTTEST DESCRIPTION

Samples from the two largest Hill Air Force Base PMB waste streams, designated as B48 and B70,
were blended together to form a representative sample for the pilot testing. The composite waste
samples were analyzed for elemental composition, heat content, particle size distribution, and total metals.
The pilot-scale testing of the fluid bed reactor was conducted during a three day period in September
1994. The fluid bed reactor used in this study, to process the composite samples, is owned and operated
by Hazen Research inc. of Golden Colorado. The prime parameters that were controlled were bed
temperature and final oxygen concentration. The waste was fed into the fluid bed reactor at an average
rate of 10 kg/h. When the waste entered the fluidized bed of silica media, it was combusted into gas and
ash. The ash was collected using a cyclone separator and a baghouse. The residence time of the
combustion gas in the fluid bed reactor was about 3.5 seconds in all test cases. The bed inlet gas
velocity was maintairec' at approximately 0.85 m/s in the first two days of test runs. This velocity was
increased to 0.98 m/s the final day of testing. Process operating data and emission sampling were
gathered at the operating conditions. Emissions of carbon monoxide (CO), total hydrocarbons (THC),
oxides of nitrogen (NO,), and sulfur dioxide (SO,) were measured as a function of both bed temperature
and off-gas oxygen concentration. Grab samples of the ash were analyzed for particle size distribution,
bulk density, and total metals. The ash captured in the cyclone separator and baghouse from all three
days of testing was combined to form a sample for stabilization testing. This ash composite sample was
mixed with varying quantities of fly ash, biast fumace slag, Type Il Portland cement, sodium sulfide, and
water to form a solid structure. Six specimens, each having a different batch formula, were made and
subsequently tested for metals leachability.

E. RESULTS

The PMB composite waste sample generated at Hill Air Force Base had a mean particle size of 200
pm and a heating value of 21 MJ/kg. This waste sample contained significant concentrations of cadmium,
chromium, barium and lead, which are all listed as hazardous by the Resource Conservation and
Recovery Act (RCRA). Other metals present in significant concentrations included potassium and
sodium. No problems were experienced during the first two days of operation. However, during the
higher velocity and higher temperature (third day) operation, visible grains of bed media were observed in
the cyclone ash, indicating that a bed velocity of 0.98 m/s was too high. During the third day there was
also some bed media agglomeration. .

The ash mass balance indicated that the ash recoveries from the cyclone and baghouse were less
than 85 mass percent. The emission monitoring indicated that the combustion efficiency tended to
increase with increasing temperature or increasing oxygen concentration. One conclusion is that the fluid
hed reactor needs to operate at a minimum bed temperature of 800°C and a minimum offgas oxygen
concentration of 7 mole percent in order to meet the regulatory emission limits.

The majority of the residual ash (greater than 97 mass percent) formed during combustion was
collected in the cyclone. However, the concentration of metals typically considered to be volatile (mercury,
cadmium, lead, potassium, and sodium) was higher in the baghouse ash. All of the ash collected was
high in carcinogenic metal content. The leachability tests performed on the waste composit ash showed
that four of the six batches tested were within the regulatory limits. The resulits indicated that mixtures
containing ash, Type |l Portland cement and blast furnace slag performed best.

F. LIFE CYCLE COST ANALYSIS

The cost-effectiveness of the thermal treatment option for the disposal of PMB waste is compared
with the direct landfilling option using a life cycle cost (LCC) analysis. Under base-case assumptions,
most of which are appropriate for Hill Air Force Base, the estimated total LCCs of the thermal treatment
and the direction landfilling options are $6.4M ($848/ton) and $1.6M ($205/ton), respectively. The cost
savings, associated with thermal treatment, is considered large enough to be more favorable than direct
landfilling in some cases. Most of the life cycle cost for the thermal treatment process is due to capital
and maintenance expenditures. A smaller thermal treatment system with a better operating factor

Vi




reduces the total LCC substantially.

LCC analyses indicate that thermal treatment is economically feasible for high waste-processing
rates and a combination of high T&D cost coupled with low transportation distances (and vice versa).
Another important consideration is the cost of waste separation. The multiwaste processing capability
associated with the thermal treatment option can make this option much more cost-effective than direct
landfilling.

G. ENVIRONMENTAL IMPACT ANALYSIS

A brief and preliminary environmental impact analysis was conducted for a fluid bed reactor thermal
treatment process and compared with direct landfilling of untreated waste. There are environmental
concems associated wit,, both options. A fluid bed reactor thermal treatment process is subject to
emission regulations by the EPA which are expected to become even more stringent in the future.

H. DESIGN AND OPERATIONAL CONSIDERATIONS

Important design and operational features include the waste profile, operating factor, life cycle cost
and environmental impact. Each of these features must be considered to license and operate a thermal
treatment process at a specific capacity. The pilot study showed that fluid bed reactor can be used to
thermally reduce the volume of solid PMB waste requiring disposal. However, the two key issues that
determine whether this process is installed will be the life cycle cost and the enviromental regulatory
climate.

I.  CONCLUSIONS

The pilot test demonstrated that the volume or mass of solid PMB waste, such as generated at Hill
Air Force Base, can be reduced by a factor of 20 by treatment in a fluid bed reactor. During the pilot test
operation, the reactor met the emission regulatory standards associated with the gaseous combustion
products. The ash residue formed during combustion can be stabilized to meet regulatory standards for
leachability by encapsulating the ashin a solid cement-slag waste form.

The life cycle cost analysis indicates that the fluid bed reactor thermal treatment process can be
cost-effective in some cases when compared to direct landfilling, even though capital and maintenance
costs are relatively high. Several environmental concems exist with thermal treatment of PMB wastes.

These concems need to be further investigated and addressed before installing a fluid bed reactor thermal
treatment process. -

'J.© RECOMMENDATIONS

We recommend that this study be used as a basis for determining whether to thermally treat PMB
waste to reduce the volume of solids to be disposed. This study includes an economic evaluation with
ancilliary environmental impact information. There are however, additional concems that need further
consideration. These concerns include: (1) Future outlook of continued use of PMB and possibie
substitutes. (2) Anticipated changes in quantities of waste. (3) Possible regulatory changes. (4) Specific
location licensing concems, (5) possibility of a regional or even national facility, and (5) Inclusion of other
wastes in the treatment.
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SECTION |
INTRODUCTION

A OBJECTIVE

The objective of this study was to evaluate the feasibility and practicality of using a fluid bed
reactor to reduce the mass or volume of Plastic Media Blasting (PMB) waste requiring stabilization and
thus reduce cost. This process must meet current and potential EPA emission guidelines, and the treated
waste must comply with RCRA stabilization requirements. A life cycle cost analysis and a partial
environmental impact analysis are also included. These efforts will serve to facilitate a decision by the Air
Force whether to install a thermal treatment system for the PMB waste generated by the United States Air
Force. ’

B. BACKGROUND

Plastic media blasting (PMB) is a process used by the Air Force to remove protective coatings
from aircraft and other components. This process removes coatings from a surface by pneumatically
impinging a stream of plastic particles to a surface. These particles are used to remove topcoats and
primers without harming substrates. The plastic media blasting process is used by the Department of
Defense to replace chemical stripping agents previously used for removing the coatings from military
aircraft and aerospace components. After several usages the plastic medium and the removed coatings
end up as waste. The Air Force has several different waste streams which are generated by this process.
At Hill Air Force Base, which was used as the sample base and the source of waste used for testing, PMB
waste amounts to an annual mass of approximately 125 metric tons. This waste is a powder consisting of
paint residue and plastic blasting medium. Because this waste contains chromium, cadmium, and other
hazardous components, it is considered a RCRA hazardous waste; and therefore must be stabilized to
meet regulatory leachability criteria. To reduce the cost and improve the economy of PMB waste
management and disposal, a reduction in mass and volume are considered. The waste is made up of
about 90% plastic medium and 10% paint residue, when gamnet is not used with the plastic medium. The
plastic medium, being organic, can be thermally decomposed into gaseous components that can be
_ released, thus reducing the waste to be disposed of to a fraction of the untreated waste [1,2].

An earlier project to treat PMB waste employed a rotary kiln to decompose the organic matter.
However, during the pilot test, the PMB waste foamed and adhered to the kiin chamber. This result was
unacceptable and a decision was made to use a fluid-bed reactor process to thermally decompose the
PMB waste. :

A survey of the PMB waste generated at Hill Air Force Base was conducted to determine the most
representative sample for pilot testing. The two largest waste streams consist of paint residue and plastic
media and are denoted as B48 and B70. Samples from these two waste streams composited to form a
representative sample for pilot testing. A third waste stream, B50, contains paint chips, plastic blasting
medium, and approximately 50 mass percent garnet. The B50 waste was characterized as part of this
study, but was not included in the pilot testing.

A pilot-scale fluid bed reactor was used to treat the PMB waste samples. The reactor ran for
three days under various operating conditions. During testing, the emissions were monitored, and the
residual ashes were collected and analyzed. The ash was mixed with stabilizing agents, stabilized, and
tested for metals leachability. The stabilization results are further described in a report by Focus
Environmental, Inc. [1].

C. SCOPE/APPROACH

The approach involved selecting a representative sample for testing. It was decided that the
representative sample would consist of the two types most commonly used at Hill Air Force Base. The




two waste streams selected do not contain inert filler, such as garnet. The fluid bed reactor, used in this
pilot-study, is owned-and operated by Hazen Research, Inc. of Golden Colorado. This reactor was
equipped with emission monitors and controls as well as sampling equipment in order to monitor and
evaluate the process during operation.

The pilot-scale test program consisted of three days of testing, 12 hours per day each. The key
test parameters that were varied during the pilot-test were bed temperature and offgas (exit) oxygen
concentration. The target bed operating temperatures were 760, 870, and 980 °C which were maintained
at day 1, day 2, and day 3 respectively. The pilot process was operated at three off-gas oxygen
concentrations (5.5, 7.0, and 9.0 mole percent) for each bed operating temperature. Process emissions
were monitored during each test condition.

The resulting ash residues from the 3 days of testing were analyzed and combined for stabilization
testing. The ash was mixed with several stabilizing agenfs in varying amounts and it was determined that
the EPA metals leachability test requirements can be met.

_ Analyses of life cycle costs and environmental impact were performed to provide additional

information needed to decide whether to employ a thermal treatment process to manage the PMB waste
streams. The cost savings associated with operating a thermal treatment process are more favorable
than direct landfilling in some cases. This is especially true for high waste-processing rates and high
treatment and disposal (T&D) costs coupled with low transportation distances. However, because the
waste generation rate for Hill Air Force Base is low (123 tons annually), thermal treatment may not be cost
effective when limited to this application. The environmental impacts associated with thermal treatment
and direct landfilling are inconclusive but it is reasonable to expect that regulations governing landfill
disposal will become stricter, thereby making thermal treatment a more desirable option.

{




SECTION I
WASTE PREPARATION

A.  WASTE DESCRIPTION

Hill Air Force Base in Davis County, Utah was selected by the Air Force as a sample PMB user
and waste generator. This base generates approximately 125 metric tons of this waste annually. Hill Air
Force Base uses predominantly urea formaldehyde (Type i) and acrylic (Type V) as the stripping medium.
The majority of the spent media goes into one of four different waste streams, which are denoted as
follows:

B48 waste - contains Type Il media and coating residue

B49 waste - contains Type |l media, coating residue, and about ten mass percent gamet or silica
B50 waste - contains Type |l media, coating residue, and between 50 and 80 mass percent garnet
B70 waste - contains Type V media and coating residue

The waste streams B48 and B70 consist only of paint chips and the plastic biasting media, while the other
two streams contain varying concentrations of inert materials such as garnet or silica. The B48 and B70
wastes accounted for approximately 40 and 28 mass percent of the total PMB wastes generated in 1993,
respectively. Because the other two wastes contain noncombustible waste materials, it was decided to
make a representative sample for testing from the B48 and B70 waste streams [1].

B. WASTE PREPARATION AND CHARACTERIZATION

Samples of the B48, B70, and B50 wastes were obtained from Hill Air Force Base. Samples B48
and B70 were blended together to obtain representative waste sample for testing. This composite sample
consisted of 46 mass percent B70 and 54 mass percent of B43 which was well blended. The B50 and
composite waste samples were analyzed for particle size distribution and elemental contents (metals).
Another set of samples were combusted in a muffle fumace and the residual ashes were analyzed for
elemental analysis. Cadmium, chromium, barium, and lead, which are regulated by RCRA for their
leachability, were present in significant concentrations as shown in Table 1. These metals are
components of the aircraft protective layers that are being removed. Other elements present in significant
concentrations included potassium, sodium, sulfur and phosphorous. The fusion temperature was also
determined for the waste ash. In an oxidizing atmosphere, the ash began melting at 1275 °C and became
fluid at 1385 °C. Because these temperatures are substantially higher than the planned operating
temperature of the fluid bed reactor, the melting of the residual ash from the waste blend was not
expected to be a concern. A thermogravimetric analysis was performed on the composite waste sample
which indicated that significant mass loss occured between 250 and 600 °C which resuited in a final solid
product that was equivalent to approximately 4.5 percent of the starting mass [1].

Another sample of the waste was used to determine the explosive characteristics of the waste
dust in air. The results [1] indicated that the waste dust may explode under certain conditions. The
maximum pressure produced during the test (77 kPa) indicates that all dust-containing vessels should be
grounded and fitted with an explosion relief vent. However, because the resulting explosion was classified
as weak, the size of the relief vent may be small. The test results also indicated that the waste powder is
relatively insensitive to electrostatic charges. Therefore, there is no need for operators to wear antistatic
clothing. We do recommend, however, that the pneumatic transfer line to the fluid bed reactor be
electrically conductive and grounded. '




Table 1. Metal Content of Roasted Waste Samples

Important metal B48/B70 Waste composite B50 Waste
impurities Initial waste Ash Initial waste Ash
RCRA listed hazardous metals, ppm
Cadmium 985 5000 85 500
Chromium 1100 24450 440 550
Barium 1250 325 245 320
Lead I 320 28700 725 940
Other metals, ppm
Aluminum 3750 29500 74050 106500
Calcium 1000 26750 5200 8660
Iron 1680 30800 165000 239500
Magnesium 245 17900 8535 12800
Silicon 7350 128000 ‘ 83700 127500
“Sodium 150 1275 255 430

RCRA = Resource Conservation and Recovery Act




SECTION il
PILOT TEST DESCRIPTION AND EXECUTION

A BED MEDIA SELECTION

Various inert bed materials are used in fluid-bed combustion processes, the two most common
are alumina and silica. Silica is used because it is readily available and inexpensive, while alumina is
used in situations where the ash and silica react with one another. Several tests were performed on silica
and alumina media to determine which to use during the pilot testing. Cold flow fluidization tests were
performed with silica and alumina media to deterimine the gas flow necessary for optimum fluidization.
Tests were conducted using a laboratory-scale glass fluid-bed vessel equipped with a cyclone and
baghouse to contain fine particles that escape the fluid-bed vessel. The fluidization study showed that the
optimum fluid characteristics correlated with an air velocity of approximately 0.76 m/s and 0.61 m/s for
silica and alumina respectively. Carryover of the bed media was 0.03 mass percent for the silica media
and 5.5 mass percent for the alumina. Silica was selected because the gas velocity was higher and the
bed medium carryover was less. A high air velocity is desirable because this allows more oxygen for
combustion, resulting in higher feed capacities. Differential thermal analyses were also performed on the
silica media and the composited waste ash to determine whether the ash would react with the silica during
combustion. These resuits gave preliminary indications that the waste ash and silica would not interact
detrimentally. As a result of these tests, silica was selected as the fluidizing medium for the pilot scale
fluid bed tests [1].

B. DESCRIPTION OF TEST EQUIPMENT

Figure 1 is a flow diagram of the pilot-scale waste-processing system used in this study. The pilot-
scale process consisted of four major components: (1) waste-feed system, (2) fluid-bed reactor, (3)
cyclone separator and baghouse, and (4) process monitoring instrumentation. All of the components
were constructed of materials designed to withstand operating conditions.

1. Waste-Feed System

A hopper with a capacity of 0.03 m® was used to store the test waste powder. The waste was
discharged from the hopper via a rotary valve to a constant-speed screw feeder. This screw-feeder was
equipped with a 5 cm diameter screw which transfered the waste from the discharge of the rotary vaive to
a 1.3 cm diameter transport line. The waste material was pneumatically conveyed through the transport

'ing to the fluid bed reactor. The fluid bed reactor was operated under a positive pressure, and the rotary
valve located at the hopper discharge prevented backflow. The feed rate was controlled by varying the
speed of the rotary valve and was determined by measuring the mass change of the hopper per unit time.

2. Fluid-Bed Reactor
The fiuid-bed réactor contains the chamber in which the organic part of the waste is thermally
decomposed into gaseous products. The waste combustion system had a windbox, fluidized bed, and
freeboard. The three components were lined with refractory insulation and joined together.
The windbox is an L-shaped cylindrical chamber used to provide a space to preheat ambient air,
which serves to preheat the fluidizing media at start up. The waste material had sufficient heat content to
sustain the reactor at the desired temperature. The windbox burner was used only during startup.

The fluidized-bed combustion chamber was cylindrical, 38 c¢m in diameter and approximately
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152 cm tall. The chamber held 160 kg of silica bed media. Waste was fed continuously into the chamber
through a port located above the base of the fluidized bed.

The freeboard zone is designed to provide additional residence time for completion of
combustion and to minimize carryover of the bed medium exiting the reactor chamber. An air pollution
control system was mounted at the top exit of the freeboard.

3. Air Pollution Control

The air pollution control system consisted of a cyclone separator, dry quench, baghouse,
induced draft fan, and stack. The purpose of the cyclone separator is to remove particles from the
combustion gas exiting the fluid bed reactor. The coarse particles are discharged and contained within an
enclosed collection canister. After exiting the cyclone, the gas entered the dry quench. The dry quench
consisted of a series of heat exchangers, whose purpose was to cool the combustion gases so they could
be handled by the baghouse. The baghouse was used as a final particulate removal device. It consisted
of fiberglass bags which served as filters. An induced draft fan was used to maintain the air pollution
control system under negative pressure and to draw the cleaned combustion gas from the process {1].

4. Process Monitoring System

The temperatures and gas pressures were measured continuously at various points of the
process. The locations of the monitoring instruments are shown in Figure 2. The combustion gas was
continuously sampled at the outlet of the baghouse and analyzed for O,, CO,, CO, SO,, total
hydrocarbons, and NO,. The pilot-scale facility was equipped with on-line instrumentation to obtain
process operating data. Process temperatures and gas composition data were monitored and recorded
continuously. A data acquisition system was used to monitor and record selected process data.

C. TEST METHODOLOGY
1. Shakedown Testing

Two days of shakedown testing were conducted. The shakedown testing allowed for
familiarization with the system and process adjustments and fine tuning.

2. Experimental Test Matrix

The test program involved 3 days of testing. Atest run consisted of operating the process for
12 hours followed by overnight shutdown. Each test consisted of startup, operation, shutdown, and
sampling. The key control parameters were the bed temperature and offgas oxygen concentration as
shown in Table 2. The target bed operating temperatures were 760, 870, and 980°C in that order. The
process was operated at three offgas oxygen concentations (5.5, 7.0, and 9.0 mole percent) for each bed
operating temperature. For each test condition, emission samples were measured for CO, SO,, total
hydrocarbons, and NO,. For those test conditions which corresponded to an oxygen level of 7.0 mole
percent, additional measurements were taken for metals, particulates, volatile organics, semivolatile
organics, dioxins and furans, chlorine, and hydrogen cyanide (HCN).
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Table 2. Experimental Design Test Matrix

Bed temperature _
760°C (day 1) - 870 °C (day 2) 980 °C (day 3)
55 55 55
Offgas
oxygen 7 7 7
concentration
9 9 9

‘3. Experimental Procedure

The test was started By heating the reactor and allowing it to reach the target temperature. The

waste feed and air flow rates were adjusted to maintain off-gas oxygen concentration. The bed

-temperature was maintained by adjusting the injected bed (cooling) water rate. The system was run for at
least one hour at steady state to record offgas concentrations. The respective first runs were begun at
oxygen exit concentrations of 5.5 mole percent. After collecting data at the lowest oxygen off-gas
concentration (5.5 mole percent), the waste feed rate was decreased until the oxygen concentration
reached approximately 7.0 mole percent. The cooling water feed rate was reduced in order to maintain
the bed temperature. The airfow was held constant to maintain fluidization. Following 30 minutes of
steady state operation, the off-gas emissions were sampled. Sampling was performed at the baghouse
outlet. The sampling procedures followed the guidelines of EPA Method 0030 for volatiles (SW846, Third
Edition, 1986) and Method 0010 for semivolatiles, dioxins, and furans. The process was repeated for off-
gas concentration of approximately 9.0 mole percent. At the end of each test run, a sample of the bed
medium was taken and analyzed for particle size distribution, butk density, and total metals. The tests
were repeated at each of the three bed test temperatures.




SECTION IV
TEST RESULTS

A. PILOT TEST OPERATION

A summary of the fluid bed reactor pilot test operating data is presented in Table 3.

Table 3. Pilot Test Operating Data

Day 1 Day 2 Day 3

Test parameter

Run | Run | Run | Run | Run | Run | Run | Run Run

1 2 3 1 2 3 1 2 | 3

Fluid bed reactor |
Thermal duty, GJ/h 025 |0.21 018 | 022 |020 |0.18 (025 |0.21 0.17
Waste feed rate, kg/h 120 (101 |87 103 {94 8.4 118 |[101 |79
Air flow rate, m*min 123 |122 125 |1.12 [1.12 112 1121 (119 [1.14
Inlet gas velocity, m/s 088 |o085 [088 |085 [085 [085 |1.01 {101 (094
Bed temperature, °C 7790 |780 |775 |879 [877 |876 |965 |967 | 965
Bed inlet pressure, kPa 110 110 110 110 110 110 110 110 110
Bed residence time, s 1.8 1.8 1.7 1.8 1.8 1.8 1.6 1.5 1.6
Bed pressure drop, kPa 7.3 7.5 7.2 71 71 71 7.2 73 |72
Baghouse
Inlet gas temperature, °C 194 | 179 | 188 | 171 183 | 178 188 190 183
Pressure drop, Pa 12 12 12 12 12 12 12 |12 12

1. Waste Feed Rates and Thermal Duty

The average waste feed rate for the three days of testing was approximately 10 kg/h. This
value corresponded to an average thermal duty of approximately 0.21 GJ/h. The residence time of the
combustion gas was determined to be about 3.5 seconds.

There were no significant problems with the pneumatic transfer of the waste material to the fluid
bed reactor. The waste-to-air mass ratio in the transfer line was 3.3 kg/kg or 3.7 kg/m* waste mass to air
volume flow rate.

2. - Bed Gas Velocity Measurements
The bed inlet gas velocity was maintained at approximately 0.85 m/s for the first two days of test
runs. The velocity was increased to approximately 0.98 m/s on the final day of testing. No problems were

encountered during the first two test runs; however, during the third run, bed media was collected from the
cyclone ash. This suggests that the bed velocity was too high during the third run. The results indicate
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that a velocity of 0.85 m/s is preferable, although no flow velocity optimization was done. Higher waste
feed rates and associated air flow rates increase the reactor utilization. -

3. Ash Recoveries

The mass of ash fed into the process for each test was determined by muitiplying the ash
concentration of the waste feed (4.5 mass percent) by the total mass of waste material fed into the
process. The ash reclaimed from the cyclone and baghouse contained some of the silica bed media,
which had to be removed to obtain an accurate ash mass. The actual ash recoveries were determined to
be less than 85 mass percent. This implies that ash had accumulated in the bed media. The bed medium
was visually discolored, which further indicates that the ash was contaminating the bed medium particles.

The colleciio:. efficiency of the cyclone was determined by comparing the mass of ash collected
from the cyclone with the total ash captured. The collection efficiency averaged 97 percent for all of the
test runs.

4. Bed Medium Characterization

The mean particle size of the starting bed medium was between 490 and 520 ym. After the
test, the size range of bed particles was between 212 and 850 ym. Samples of bed medium taken at
various times during the test showed that the particle sizes and metals concentration tended to increase
with processing time. These results indicate that the bed media became increasingly contaminated with
the waste ash during pilot testing. :

Bed modifiers are often added to fluid-bed systems to protect bed media againét agglomeration
with the ash, examples include kaolin clay. The results indicate that a full-scale process must be
equipped with the capability of adding a bed modifier to prevent or minimize agglomeration of the bed
media.

B. BAGHOUSE CONTINUOUS EMISSION SAMPLING

The offgas from the process was monitored continuously for O,, CO,, CO, NO,, SO,, and total
hydrocarbons. The last four are criteria pollutants that impact the permitting of a full-scale process. The
pilot test evaluated the effect of bed temperature and offgas O, concentrations on the offgas
concentrations of these four criteria pollutants.

1. Carbon Monoxide and Total Hydrbcarbons (THC)

Carbon monoxide and total hydrocarbons are indicators of combustion efficiency. The
regulatory limit for CO for combustion systems is 100 ppm on a 60 minute rolling average basis. Under
the boiler and industrial fumace regulations, combustion systems processing hazardous waste must meet
the 100 ppm CO limit or an alternative 20 ppm THC limit. The THC limit is evaluated on the same basis
as CO.

Combustion efficiency typically increases with increasing combustion temperature or increasing
oxygen concentration in the combustion chamber. The results from the pilot test supported this
statement. Figure 3 represents the CO concentrations in the offgas as a function of bed temperature and
offgas O, concentration. The test cases performed at the lower O, concentration (5.5 mole percent)
exceeded the 100 ppm CO limit, while the tests performed at O, concentrations of 7.0 and 9.0 mole
percent were within the required CO limit. However, the data indicate that best operating conditions
occured for bed temperatures higher than 800°C and offgas O, concentrations greater than 7.0 mole
percent in order to be safely within the required limit.
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The THC monitor was not functional during the second day of testing (bed temperature of 877
°C). But it was noted that the THC results from the first and third days exhibited the same trend as the
offgas CO concentration. All of the test conditions were well within the THC limit except for the test case
corresponding to a bed temperature of 779°C and offgas oxygen concentration of 5.7 mole percent.

2. Oxides of Nitrogen and Sulfur

Emissions of NO, were generated from the nitrogen in air (thermal NO,) and also the nitrogen
present in the waste feed (fuel NO,). Thermal NO, formation is primarily a function of the combustion
chamber temperature, while the fuel NO, formation is a function of the combustion chamber temperature,
nitrogen concentration in the waste, and the oxygen concentration in the offgas.

Nitrogen oxide emissions are regulated under the National Ambient Air Qualify Standards
(NAAQS) program implemented through the Utah Air Pollution Regulations. Under the NAAQS program,
a fluid bed reactor located in Davis county must not generate over 36 metric tons of either NO, or SO,
annually.

The NO, stack emissions were calculated to be 1.83 grams of NO, for each 100 grams of waste
feed. For the 125 metric tons of waste generated annually at Hill Air Force Base, this amounts to less
than 3 metric tons of NO, annually: This is well below the significant net emissions increase as stated by
NAAQS. Hill Air Force Base can, probably, process up to 1500 metric tons of PMB waste annuaily and
not exceed the 36-metric ton limit. The SO, emissions amounted to less than 0.5 metric tons generated
annually from processing 125 metric tons of waste. This also is well within the significant net emissions
standards set by NAAQS {1].
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Figure 3. Offgas CO Versus Offgas Oxygen Concentration
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C. STACK PERIODIC EMISSION SAMPLING

Stack sampling trains were used to measure the off-gas concentrations of volatile organics,
semivolatile organics, dioxins and furans, particulates, metals, hydrogen chloride/chlorine (HCI/CL,), and
hydrogen cyanide (HCN). .

Table 4 presents a summary of all stack sampling results for each test run. The results are listed as
concentrations on a dry basis at standard conditions and corrected to 7 mole percent oxygen. The
projected annual emissions from a full-scale process operating at a nominal capacity of 225 kg/h are
presented in Table 5. The projected emissions were calculated by scaling up the emissions from the
second day of testing (bed temperature of 870 °C), the most desirable condition for operation. The
projected emissions are compared to current and potential regulatory limits.

1. Volatile and Semivolatile Organics
The five volatile organic compounds consistently detected by the sampling train were
chloromethane, acrylonitrile, benzene, toluene, and styrene. These compounds were at relatively low

concentrations throughout the sampling. The projected emissions of the volatile organics were several
orders of magnitude less than the permitted values. :

Table 4. Summary of Fluid Bed Reactor Continious Emission Monitoring System (CEMS) Data

Day 1 Day 2 Day 3

Test parameter Run | Run | Run | Run | Run | Run | Run ‘ Run | Run
1 2 3 1 2 3 1 2 3

Stack Emissions

Oxygen, mol.% 5.7 71 9.4 5.8 7.0 9.1 51 7.0 8.9

Carbon dioxide, mol.% 133 | 120 |101 [131 |122 [102 | 137 |[116 |98

Carbon monoxide, ppm 353 |99 41 114 61 16 197 39 14

Oxides of nitrogen, ppm 416 | 515 |630 |593 |665 |751 672 | 808 | 858

Sulfur dioxide, ppm 57 21 27 88 36 52 90 88 80

Total hydrocarbons, ppm 21 7 14 NM NM NM 9 4 0

Conversion, mass®%

WastenirogentoNO, | NM [25 |NM |[NM {35 |NM [NM |38 | NM

Waste sulfur to SO, NM |272 | NM NM 51.1 | NM NM 71.1 | NM

NM = not measured

The most abundant semivolatile organic compound was bis(2-ethylhexyl)pthlalate which is a common
product of incomplete combustion when burning plastic materials. Other semivolatiles that were detected
were phenol, napthalene, and di-n-butylpthalate. The calculated emission of these compounds are
several orders of magnitude below the permitted values.
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2. Metals

The most abundant semivolatile organic compound was bis(2-ethylhexyl)pthlalate which is a
‘common product of incomplete combustion when burning plastic materials.

The metal emissions are a function of the concentrations in the waste feed and are typically
present in the particulates and not the gases emitted during combustion. Three of the detected metals
(arsenic, cadmium, and chromium) are considered carcinogenic. The projected emissions for these
metals, as well as for lead and barium, were well below the allowable regulatory limits.

The system retention efficiencies of the cyclone and baghouse for the three carcinogenic metals aVeraged
greater than 99.85 percent.

3. Particulates

The offgas concentrations of particulates averaged 18.2 mg/m® corrected to 7 mole percent
oxygen in the off-gas. As shown in the table this is well below the current regulatory limit of 18.5 mg/m®
imposed under 40 CFR 264, Subpart 0. However, the EPA is currently considering lowering the
particulate emission limit to 11.58 mg/m®. When evaluating the particulate emissions, it is important to
keep in mind that the bags used in the pilot test were new. Over time, a dustcake forms on the inside of

4. Dioxins and Furans

The offgas coricentrations of dioxins and furans ranged from 6.5 to 40.2 ng/m® or 0.14 to
0.64 ng/m*® depending on whether they are expressed as dioxins and furans or expressed as
tetrachlorodibenzo(para)dioxin (TCDD) equivalent [1].

Studies conducted by the EPA have shown that increased residence time of combustion
offgases between 232 and 454 °C correspond to increased emissions of dioxin and furans (USEPA,
"Municipal and Waste Combusiton Study: Combustion Control of Organic Emissions", EPA/530-SW-87-
021C, NTIS Order No. PB87-206080). The Hazen pilot process was equipped with an uninsulated
cyclone separator and water cooled heat exchanger. This equipment allowed the offgas to linger in the
temperature range that is optimum for dioxin and furan formation. A full-scale process could be designed
with an insulated cyclone to maintain offgas temperature above 454 °C prior to entering a partial quench.
The partial quench would rapidly cool the combustion gases to temperatures less than 232 °C, reducing
the residence time at the optimum temperature for dioxin and furan formation, and thus reducing the off-
gas concentration of dioxins and furans below the regulatory limit [1].

The EPA regulatory standard associated with the emissions of dioxins and furans is the "6-nines
Destruction and Removal Efficiency” imposed on facilities that process dioxin containing waste. This limit
applies to dioxin containing wastes and not to plastic media blasting waste per se. Limits being
considered are 5.4 to 9.7 ng/m® for total dioxin and furans and 0.12 to 0.17 ng/m® expressed as
tetrachlorodibenzo (para) dioxin (TCDD) equivalents. Total (dioxin and furan) and TCDD equivalent data
from the two test runs at the higher bed temperatures were within these anticipated limits. As already
discussed, an appropriately designed full-scale process is likely to have lower emissions of dioxins and
furans [1].

5. Hydrogen Chloride/Chlorine
Emissions of chiorides as HCI/Cl, averaged approximately 55 mg/m? (dry standard) or 4 g/.

The emissions for a full-scale process are projected to be 115 g/h, which is well below the current and
- potential regulatory limit [1].
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Table 5. Comparison of Projected Full-Scale Emissions to Regulatory Limits (for 125 t/a)

Curent regulatory limits

Potential regulatory

Projected limits
Compound emissions Value Source. Value Source

Volatile organics, g/h’
Chloromethane 0.041 NM 2333 BIF
Acrylonitrile 0.024 NM 125 BiF
Benzene 0.343 NM 1000 Utah
Toluene 0.017 NM 250000 BIF
‘Semivolatﬂe organics, g/h
Phenol 0.175 NM 25000 BIF
Napthalene 0.819 NM 83 BIF

.| Di-n-butylphthalate 0.004 NM 41667 Utah
bis(2-Ethylhexyl)phthalate || 10.8 NM 13917 Utah
Metals, g/h
Barium 0.07 41667 BIF 41667 BIF
Lead 0.068 75 BIF 75 | BIF
Arsenic 0.001 1.9 BIF 19 BIF
Cadmium 0.121 47 BIF |47 BIF
Chromium 0.063 0.7 BIF 0.7 BIF .

-1 -Miscellaneous emission‘s
Particulate, pg/m® 18100 185300 RCRA 11600 CETRED
HCI/Cl,, g/h 113.5 1816 RCRA 333 BIF
Cyanides, g/h | 0.314 NM 16700 BIF
Total PCDD/PCDF, ng/m® “?S ' NM 54-97 CETRED
TCDD equivalent, ng/m® “ 0.12 NM 0.12-0.17 | CETRED

NM = not measured; BIF = Boiler and In
Policy; CETRED = Combustion Emissio
(para)dioxin, PCDD = polychlorinated dibenzo-p-dioxins; PCDF =

RCRA = Resource Conservation and Recovery Act

The estimated HCV/CI,
is 0.1 kg/h. The current reguiatory limi
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dustrial Furnace regulations; Utah = State of Utah Air Toxics
n Technical Resource Document; TCDD = tetrachlorodibenzo
polychlorinated dibenzofurans;

emission rate from a 227 kg/ full-scale unit based on the pilot test data
t for emissions of HCl is less than 1.82 kg/h or greater than 99




~ percent removal. Therefore the pilot test data shows that the full-scale process would comply fully with
the current regulatory limit for emissions of Hel [1].

the bégs which reduces the particulate emissions. It is possible that the pilot test would have met the
proposed new limits with conditioned bags. However, the present data indicates that a wet electrostatic
precipitator may be required if the lower limits are imposed.

6. Hydrogen Cyanide

The nitrogen content of the organic plastic media provides the potential for generation of
hydrogen cyanide (HCN). Combustion of plastics containing organic nitrogen may produce measurable
quantities of HCN, particularly at temperatures below 760°C. The pilot test results indicate HCN was
generated at all three'tést runs. The HCN emissions decreased with increasing bed temperature. The
projected emissions of HCN for a full-scale unit, processing waste at 227 kg/h, are well below the
allowable levels derived from the Reference Air Concentration from the Boiler and Industrial Furnace (BIF)
regulations [1].

D. RESIDUAL ASH CHARACTERIZATION

The primary residues produced during the pilot test were the ash collected in the cyclone and in the
baghouse. The majority of the ash (greater than 97 percent) was collected in the cyclone. Samples from
the two sites were collected from each test and analyzed for particle size distribution, bulk density, and
metals content.

A summary of the particle size distribution using a sieve analysis is presented in Table 8. The results
indicate that the mean particle size of the cyclone ash (65 to 100 pm) appeared to be slightly less than the
baghouse ash (135 to 170 ym). The fact that the baghouse ash particles were larger than those from the
cyclone suggests that the particles in the baghouse agglomerated. The particle size analyses of the
cyclone ash indicates bed medium carryover.

A summary of the metals analysis for the ash samples is shown in Table 7. The metals content of
the untreated waste and the roasted ash from the pre-pilot test are inciuded in the table for reference.
The concentration of volatile metals such as mercury, cadmium, lead, potassium, and sodium, were
higher in the baghouse ash than in the cyclone ash. This is attributed to the volatility of the metals.

The silicon content of the cyclone ash was higher than that of the starting waste feed, which confirms
that there was bed carryover. '

E. STABLIZATION TEST RESULTS

The PMB waste is considered RCRA characteristically hazardous waste because of the leachability
of certain metals. These same metals remain in the ash, at now higher concentrations. The ash
generated in the fiuid bed reactor is classified as characteristically hazardous waste and must be
managed accordingly.

Materials that are hazardous due to Ieachability of metals must be stabilized as required by 40 CFR
268 (Land Ban). An important objective of the pilot study was to determine whether the ash can be
stabilized and meet the leachability requirements.

The stabilization requires additions of binding materials which increases the mass to be disposed.
The stabilization tests were to determine the principle ability to stabilize. No optimization for either cost,
mass or volume were undertaken.

Ash collected from the cyclone and baghouse from each test run were blended together to form a
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representative composite sample for stabilization. This waste composite blend was analyzed according to
the Toxicity Characteristic Leaching Procedure (TCLP) identify the baseline leachability of metals
contained within the sample. Results from this test are presented in Table 7. The results show that the
waste ash exceeds the allowable limit for cadmium and chromium.

The waste ash was mixed with various materials used to stabilize metals. These materials included
Type Il Portland cement, fly ash, and blast furnace slag. A total of six different mixtures were made and
mixed with water to form a slurry. Each slurry was placed into a mold and allowed to cure for
approximately eight days. After curing, each specimen was analyzed using the TCLP test.

Four of the six mixtures had leachability values below the regulatory limits. Three of these contained

Type Il Portiand cement and ground blast furnace slag. The lowest bulking factor for a specimen passing
the TCLP leaching criteria was approximately 1.8 grams of added mix per gram of ash. '

Table 6. Ash Particle Size Distribution

Cumulative mass percent passing through sieve
Particle size (um) Cyclone sample Baghouse sample
149 62.5 87.5
74 55.8 87.3
37 . 47.0 87.2
30 436 87.1
25 42.0 87.0
20 389 86.9
12 30.2 . 86.5
8 21.1 85.7.
4 11.2 71.0
2 29 411
1.3 1.1 : 20.0
Mean particle size 55 - 60 2-3
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Table 7. Summary of Ash Metal Analytical Results

TCLP values (mgfl)
Ash Sample | Sample | Sample | Sample Sample | Sample | Regulatory
Metal analyte sample #1 #2 #3 #4 #5 #5 limit
| Arsenic <020 |<0290 |<029 |<058 |<058 |<058 |<058 |5
Barium 0.8 1.2 1.2 1.2 26 2.2 1.8 100
Cadmium 288 140 <0.025 10.03 <0.025 | <0.025 |<0.025 |1
Chromium 325 0.16 99 0.12 22 052 [022 5
Lead <0.50 400 0.28 03 0.32 <0.28 <0.28 5
Mercury 0.0003 |0 0 0 0 0 0 0.2
Selenium . <0.03 <0.50 <0.36 <0.71 <0.71 <0.71 <0.50 5
Silver <0.03 <0.36 <0.50 <0.50 <0.50 <0.50 <0.50 1
Stabilization sample mixture components (mass %)
Type |l Portland cement 30 25 28.6 43 10 40
Fly ash 0 5 71 0 0 0
Blast furnace slag 0 0 0 | 385 90 360
Sodium sulfide 0 0 71 0 0 0
| Water 415 415 48.4 421 60 147.5
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SECTIONV
LIFE CYCLE COST ANALYSIS

The cost-effectiveness of therma! treatment and disposal of PMB waste (thermal treatment option)
was determined using life cycle cost (LCC) analysis. AnLCC analysis was also performed for the existing
off-site landfill disposal (direct landfill option) and compared against the thermal treatment option. The
analyses assumes that the PMB waste will be treated on-site, and the ash will be transported off-site for
stabilization and disposal. The disposal site (RCRA Subtitle C landfill) is considered to be the same for
either option [3].

A. METHODOLOGY

The LCC analysis of the thermal treatment option includes the capital, operation, and maintenance
costs of the fluidized bed reactor; the cost of transporting the residual ash to landfills; and finally the cost
of treating and disposing of the residual ash. This assumes that the waste management facilities stabilize
and dispose of residuals on-site and do not incur additional transportation costs. The quantity of ash to be
disposed using this option may range from 4 to 68 mass percent of the waste, depending on the waste
" type. The LCC analysis of the landfill option includes only the costs of transportation, stabilization, and
disposal of wastes.

The LCC was estimated using the net present value (NPV) methodology. Using the NPV
methodology, the life cycle cash flows are discounted to the present and summed over the life of the
equipment. The LCC was calculated in terms of total and per ton bases. Analyses were done in 1994
constant dollars and using the real discount rate as prescribed for cost-effectiveness, lease purchase, and
related analyses by the Office of Management and Budget (OMB) (4].

A spreadsheet model was developed to perform the LCC analysis. Table 8 shows the modei printout
of the major input parameters and the values used in this analysis. Focus Environmental, Inc., provided
the detailed cost data for a fluidized bed reactor with a 2174 ton per year design capacity (continuous
operation). The original capital estimates for the fluidized bed reactor are based on the original capital
estimates from Dorr-Oliver, Inc. The resulting cost breakdown is shown in Table 9. The miscellaneous
costs include installation costs (foundations, structures, and equipment), taxes, and contingency. These
costs are estimated as the sum of 2.8 times the process equipment capital cost and 0.2 times the
instrumentation cost. The process equipment capital and miscellaneous costs will change with design
capacities.

For other design capacities, the "six-tenths-factor rule” (economy of scale) was used for the capital
cost estimation, while the appropriate linear economy of scale was assumed for the labor cost. Annual
maintenance costs were assumed to be 3% of the total capital cost. Utility costs and material costs are
presumed to be proportional to the amount of waste treated. The heating value of the waste was
considered in the utility costs. The analyses were expressed in constant dollars using the real discount
rate and the forecasted real cost escalation rates for different input parameters. The input parameters are
based on government publications.

As was previously mentioned, the landfilling option is assumed to consist of two components. They are
the waste transportation from the generation site to the landfill, and the treatment and disposal (T&D) of
the waste at the landfill site. The total transportation cost is the sum of two components which are based
on distance and ton-miles. The transportation cost is calculated using the following equation:

Y =(8.23 + 0.23X)Z, [$}

where Y is the transportation cost in 1994 doliars and X and Z are the total distance in miles and tons of
waste transported, respectively. :




Table 8. Major Parameters Used in LCC Analysis

Parameter Amount
- Residual ash content, mass%:
B48 46
B50 67.5
B70 8.8
Selected mix (B48 + B70) 171
Number of shifts/day 1
Working time, d/y 250
Maintenance cost, % -3
Real discount rate, % 48
Equipment life, year 15
Landfilling cost, $/ton* 235
Transportation distance, mi 200
Unit cost:
Electricity, $/kWh 0.07
Natural gas, $/(Btu x 10°) 31
Process water, $/(Gal x 10%) 0.5
Plant air, $/(Scf x 10°%) 0.65
Chemicals, $1b ' 200
Real cost escalation rate, %/y:
Electricity 0.6
Natural gas 23
Process water 1.0
Plant air 1.0
Chemicals 1.1
Wages 1.2
Landfilling (transportation cost) 23
Labor Rate:
Supervisor, $fy 50000
Engineer, $/y 40000
Operator, $ly 30000
Material handling, $fy 20000
Total overhead (direct + indirect), % 50 |
Utilities required per ton of waste:
Electricity, kWh , 494.3
Natural gas, Btu x 10° 48
Process water, Gal x 10° 13
Plant air, Scf x 10° 0.9
Materials required, ton/ton of waste 0.1

*A more realistic figure, recieved after completion of this report, is close
to 1 $/kg.
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Table 9. Estimate of Capital Cost Breakdown

Capital item Estimated cost
Process equipment capital $592K
Detailed design engineering $270K
Permitting, facility startup, and utility $640K
connnections :
Instrumentation $310K
. . | Miscellaneous $1705K
Total $3517K

The T&D costs are site-specific, dictated by the balance between the supply and the demand for
landfills. The latest Environmental Information (El) survey (Perket 1994) [5] indicates that in recent years
(i.e., since 1991) landfill costs have decreased because of a reduced demand for hazardous waste
services and the availability of larger, more economical landfills. This decline is aftributed to new
regulations which prohibit landfills from accepting certain hazardous wastes, and other regulatory
initiatives which emphasize waste minimization and on-site treatment or containment. On the other hand,
it is possible that future regulations may increase the demand for landfill disposal. In this analysis, we
assumed that no major market changes will occur in the future. Therefore, the T&D costs increase only
with inflation. The scenario of the T&D cost increasing in the future was considered by performing a
sensitivity analysis.

The El survey also indicated that hazardous waste landfill prices for bulk shipments of waste are less
than for drummed shipments. Bulk shipments require less material handling and are about a third less
expensive than drummed waste. The T&D cost (bulk quantities) is assumed to be $235 per ton. This
value is higher than the 1993 national average of $170 per ton as reported in the El survey [5].

At a multiwaste generating facility, the cost of waste separation is an important factor to be taken into
consideration in the LCC analysis. For the direct landfill option, the waste will need to be separated before
being transported to the disposal site. However, waste separation costs are currently unavailable, and are
therefore considered only in the sensitivity analysis.

B. RESULTS

Table 10 lists the major base-case assumptions used in this analysis. Most of these assumptions
are based on information applicable to Hill Air Force Base. Note that the annual waste-processing rate of
| 500 tons/year is much higher than the current rate of 120 tons/year. The cost-effectiveness of the
| treatment option is evaluated in terms of the total LCC and the LCC per ton of waste treated. Seven
- variables (annual waste processing rate, residual ash content, equipment life, separation cost, escalation
rate, transportation distance, and T&D cost) are considered to be the most sensitive to the total LCC.
| These sensitivity analyses were performed by varying each parameter individually while the other
parameters were held constant at their base-case values. These parameters are listed in Table 10.

. Detailed analyses were performed to compare the cost-effectiveness of the thermal treatment option
to existing landfill option in terms of transportation cost (i.e., distance) and the T&D cost. Break-even

analyses were performed for four different annual waste generation rates in order to estimate the
combined effects of distance and the treatment and storage cost (however, the latest disposal cost
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figures, which are about four times larger than those considered in this analysis, are not included).

1. Base-Case Results

Figure 4 shows the breakdown of the estimated total LCC of the thermal treatment (1shift/day
and 3 shifts/day) and the direct landfill options under the assumptions listed in Table 10. The total LCC of
the thermal treatment option is estimated to be $6.36M compared to a estimate of $1.57M for the direct
landfill option (the latest available figure is about $6 M). The LCCs per ton for the treatment and direct
landfill options are estimated to be $848 per ton and $209 per ton, respectively. The thermal treament
option has the lower landfilling cost (i.e., $1.3M) because T&D is proportional to the reduction of waste
mass due to treatment. The capital cost contributes more than 50% of the total LCC for the thermal
treatment option. The costs for materials and landfilling (i.e., transportation, treatment, and disposal) are
a small fraction of the total cost. The utility costs shown in Figure 5 are mainly electricity, natural gas,
process water, and plant air.

R Fig. 1. Total Life Cycle Cost Of
Disposal Of (15 years, 500 t'y) PMBW
7000 6,361 kS (848%/ton)
— :
G000 |- - - TTPMRMMMIN Lt
%5000 L. il s eese
35000 1l
fol 1 u]jiﬂ“"‘iﬁﬂﬂiimﬂﬂ%‘\}‘!I\V“}‘”“ll’“"”} .......................................
| i
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(3 shifts/day)
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Figure 4. Total LCC for Thermal Treatment and Direct Landfill Options
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Table 10. Base Case Assumptions for LCC Analysis

Parameter Assumption
Waste processing rate 500 tonly
Residual ash content 17.1 mass %
Equipment life 15y
Treatment and disposal (T&D) cost $235/ton*
Real T&D cost escalation rate 0% per year
Waste separation cost $0.0Mb
Transportation distance 200 miles
Real discount rate 48 %
Number of shifts per day 1
Working time 250 days

*| atest estimates are about four times higher.

A smaller system with a better operating factor can be employed by operating three shifts per day for
the same annual waste processing rate. Lower capital and maintenance costs associated with a three
shift/day operation will reduce the total LCC by $1.42M (compared with the 1 shift/day operation). The
LCC per ton for a three shift/day operation is $189 less than for a one shift/day operation; yet this cost is
three times greater than for the direct landfill option (this value is lower than the latest estimate for landfill
use).

2. Sensitivity to the Annual Waste Processing Rate

The sensitivity of the total LCC for the thermal treatment option to the annual waste processing
rate is shown in Figure 5. The annual waste-processing rate determines the design capacity of the
thermal treatment system. The total LCC increases from $4.7M to $9.6M as the rate increases from 200
tons/year to 1000 tons/year. The LCC per ton decreases due to the economies of scale from $1528 to
$641 for a similiar change in the waste-processing rate. Beyond the capacity of 400 tons/year, the LCC
per ton decreases less rapidly and levels off beyond 800 tons/year capacity. Under the given base-case
assumptions, the thermal treatment option may not be cost-effective even for processing rates of 1000
tons/year (the most recent values are four times higher).

3. Sensitivity to Residual Ash Content

The residual ash content of the waste is an important factor in determining the cost-
effectiveness of the thermal treatment option. The lower the ash content, the lower the landfill cost for the
thermal treatment option. The ash content depends on the type (B48, B49, and B50) of waste stream
processed and may vary from 5 to 68 mass percent. The sensitivity of LCC to the residual ash content is
shown in Figure 6. Total LCC as well as the cost per ton increases linearly with the increase in residual
ash content. Total LCC increases from $6.2M to $7M as the ash content increases from 10 mass percent
to 60 mass percent. The LCC per ton increases from $833 to $938 for a similiar increase in the ash
content. For an ash content of 5§ mass percent, the estimated LCC per ton for the thermal treatment

23




option is $823 per ton, compared to $209 per ton for the direct landfill option.

Fig. 2. Life Cycle Waste Treatment
Cost Vs Waste Processing Rate
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Figure 5. Life Cycle Waste Treatment Cost Versus Waste Processing Rate

Fig. 3. Life Cycle Waste Treatment
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4.  Sensitivity to Equipment Life

Figure 7 shows the LCC of the thermal treatment option using different values for life of the
thermal treatment system. The LCC is sensitive to the life of the treatment system, since its initial capital
cost amortized by the total quantities of waste processed during the sysem lifetime. The total LCC
increases from $5.6M to $7.0M as more quantities of wastes are processed with the increase in the
equipment life from 10 to 20 years. The LCC per ton decreases from $1120 to $699 for a similiar
increase. The reduction in the LCC per ton with the increase in the equipment life becomes smaller when
the life expectancy exceeds 16 years. This is because the LCC is present value discounted.

5. Sensitivity to the Waste Separation Cost

Figure 8 shows the total LCC for the direct landfill option as a function of the separation cost.
The total LCC increases linearly from $1.6M or ($210/ton) for zero separation cost to $13M or ($1730/ton)
for a separation cost of $450/ton ($0.45/kg). For waste separation costs exceeding $190/ton ($0.19/kg),
which corresponds to an LLC of $300/ton, the thermal treatment option becomes cost-effective compared
to the direct landfilli option.
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| Fig.5. Total LCC Of Direct Landfilling As A
l Function Of Waste Separation Cost
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6. Sensitivity to the Landfilling Cost

The landfilling cost is comprised of the transportation costs and the T&D costs. The T&D cost
is site-specific. This necessitated using a range of T&D costs when determining the cost-effectiveness of
the thermal treatment option. Figure 9 shows the total LCC for the thermal treatment and direct landfill
options as a function of T&D cost. The total LCCs of the two options increase linearly ($900 per unit for
thermal treatment versus $5255 per unit for direct landfill). The cost sensitivity is smaller for the thermal
treatment option because less waste is landfilled (the residual ash content is assumed to be 17.1 mass
percent). With an increase in the T&D cost, the LCC difference between the two options becomes
smaller. At a crossover point, the thermal treatment option becomes more effective.

The transportation cost is assumed to depend on the quantity of waste and the transportation
distance. This cost contributes to a smailer portion (approximately 22%) of the total landfilling cost. The
total LCC of the two options as a function of distance is shown in Figure 10. The total LCCs for the two
options increase linearly ($243/mile for thermal treament and $1429/mile for direct landfilling). The
difference in sensitivity is due to the difference in the quantity of waste to be landfilled.
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i Fig. 6. Total LCC Of Treatment Vs
Landfilling As a Function Of T&D Cost
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6. Break-even Analyses

The transportation distance and the T&D cost are site-specific. As demonstrated in Figure 6,
the cost-effectiveness of the thermal treatment option depends on waste-processing rate. Therefore, the
amount of waste processing, when combined with the transportation distance and T&D cost, determines
the cost-effectiveness of a disposal option for a particular waste-generating facility. Break-even analyses
were performed to determine the cost-effectiveness of four different annual waste-processing rates using
different combinations of transportation distance and T&D costs.

Table 11 shows the break-even T&D cost as a function of transportation distance for several
waste-processing rates. The table shows the T&D cost for the thermal treatment option to be cost-
effective. For a T&D cost range of $600 to $1000 per ton, annual waste-processing rates of 750 to 1000
tons/year would be cost-effective. For example, if the transportation distance is 400 miles, then the T&D
costs of $965 and $924 per ton would be cost-effective for waste-processing rates of 750 and 1000
tonslyear, respectively. These costs can be lower ($639 and $598 per ton, respectively) if the
transportation distance were 1600 miles instead of 400 miles.

The break-even transportation distance as a function of the T&D cost for different annual waste-
processing rates of the thermal treatment option is shown in Table 12. The transportation distance would
have to be unrealistically large (3000 to 7500 miles) for smaller waste-processing rates (250 to 500
tons/year) to be cost-effective. At higher waste-processing rates (750 to 1000 tons/year), a short
transportation distance combined with higher T&D costs can make the thermal treatment option cost-
effective. For example, and 750- to 1000-ton/year processing rate combined with a T&D cost of $900 to
$1000 per ton would require a short transportation distance (less than 640 miles) for the thermal treatment
option to be cost-effective. For a T&D cost of $900 per ton, the necessary transportation distances are
640 to 487 miles for waste-processing rates of 750 and 1000 tons/year, respectively.

Table 11. Break-even T&D Costas a Function of Transportation Distance

Transportation Waste generation rate (ton per year)
distance
. 250 500 750 1000
km miles
320 200 $2195 $1335 $1020 $978
640 400 2140 1281 965 924
970 600 2086 1227 911 869
1290 800 2032 1172 857 815
1610 1000 1977 1118 802 761
1930 1200 1923 1063 748 706
2250 1400 1868 1009 693 652
2580 1600 1814 955 639 598
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Table 12. Break-even Transportation Distance as a Function of T&D Cost

Treatment and S Waste generation rate (ton/year)
disposal cost
($/ton) 250 500 750 1000
200 7540 miles 4377 miles 3216 miles 3063 miles
30 7172 4009 2848 2695
40 6804 3641 ' 2480 2327
500 6436 3273 2112 1959
600 6068 2905 1744 1591
700 5700 2537 1376 1223 .
800 5332 2169 1008 855
900 4964 1801 640 487
1000 | 4596 1433 272 119
1100 4228 1066 0 0
1200 3860 698 0 0
1300 3492 330 0 0
1400 3124 0 0 0

C. CONCLUSIONS

The cost-effectiveness of the thermal treatment option for the disposal of PMB waste is compared
with the direct landfilling option using a life cycle cost analysis. Under base-case assumptions, most of
which are appropriate for Hill Air Force Base, the estimated total LCCs of the thermal treatment and the
direct landfilling options are $6.4M ($848/ton) and $1.6M ($205/ton), respectively. The cost savings,
associated with reducing the volume of the waste by thermal treatment, are considered large enough to be
more favorable than direct landfilling in some cases. The high LCC for the thermal treatment option is due
to capital and maintenance costs associated with the fluid bed reactor. A smaller thermal treatment
system with a better operating factor reduces the total LCC to $4.9M (3659/ton).

LCC analyses indicate that thermal treatment is economically feasible for high waste-processing
rates and a combination of high T&D cost coupled with low transportation distances (and vice versa). For
Hill Air Force Base, where the waste generation rate is fow (120 tons per year), thermal treatment is not
considered cost-effective [3], if the cost of direct landfilling remains low.

The cost of separating the waste at the generation site is an important factor to consider when
determining the cost-effectiveness of thermal treatment. Under base-case assumptions, the thermal
treatment option becomes cost-effective with the direct landfill option when the separation costs exceed
$0.19/kg. The muitiwaste processing capability associated with the thermal treatment option may make
this option much more cost-effective than direct landfilling.
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SECTION VI
ENVIRONMENTAL IMPACT ANALYSIS

A review was performed to identify and evaluate potential environmental impacts associated with an
onsite fluidized bed thermal treatment process and for direct landfilling. The review revealed advantages
and disadvantages for each alternative.

A. DIRECT LANDFILLING

While not always the disposal method of choice, proper landfilling can be viewed as a controlled
method of waste disposal. Waste can be consolidated during landfilling and its impacts to the
environment can be monitored and evaluated. Air dispersal and leaching of contaminants are relatively
low. Proper management practices during operation, proper closure, and adequate post-closure
monitoring reduces impacts to human heaith and the environment. Personnel training and the use of
protective equipment reduce worker exposure. Excursions, resulting from design modifications, can be
accomodated by leachate collection and treatment systems.

A proposed landfill is approximately 300 km (200 miles) from Hill Air Force Base. This would keep
transportation-related impacts low. The landfill appears to have the capacity to properly dispose of the
PMB waste for the foreseeable future. If the volume of wastes generated were to increase significantly,
then the generation rates may exceed landfill disposal capacity. This would effectively render landfilling
nonviable. Such a scenario could occur if Hill Air Force Base were to become a regional or national
center for aircraft maintenance. Waste volume increases resulting from transporting wastes from other
locations to Hill Air Force Base for disposition is likely to be an environmentally undesirable practice.
Increased transportation and atmospheric emissions are two of the most obvious impacts that would need
to be assessed.

B. FLUIDIZED BED THERMAL TREATMENT

Fluid bed thermal processing can be used to reduce the mass or volume of the PMB waste.
However, this process also disperses some combustion gases and particulates to the environment. The
regulatory climate for thermal treatment emissions is becoming increasingly restrictive and is expected to
continue to do so. Thermal treatment of PMB wastes is discouraged by some, and the practice may soon
be prohibited, because of the generation of hazardous decomposition products. Thermal treatment of
PMB waste emits minute quantities hazardous materials from the paint to the air, and creates dioxins and
furans from the plastic medium. Emissions from the pilot study are well below regulatory limits, those
imjts may change. It is also possible that production-scale emissions may differ from those in the pilot
study, although it is unlikely that they will exceed regulatory limits.

Alternative Air Quality Standards (NAAQS) criteria pollutants of concern are lead, NO,, and ozone.
Preliminary analysis of the pilot test data using the EPA screening model SCREEN 2 (1991) suggests no
exceedances of the NAAQS for NO, would occur as a result of fluid bed thermal treatment. However,
Davis County is in moderate nonattainment of the NAAQS for ozone. lt is likely that a fluid bed reactor
located in Davis County would receive close scrutiny. Beryllium emissions would aiso need to be
evaluated. Other constituents in the emissions appear to be below accepted levels of concern [1].

Significant waste volume reduction (85% or better) is achieved through fluid bed thermal treatment.
The hazardous constituents are concentrated in the remaining ash. To be accepted in a permitted
hazardous waste disposal facility, the ash is stabilized (Toxicity Characteristic Leaching Procedure test
positive) prior to landfilling. This requires some additional handling and increases the potential for
personnel exposure and additional air dispersion. Mitigative measures could reduce this potential.
Because of the amount of plastics contained in PMB wastes, appreciable amounts of dioxins/furans can
be generated during treatment. A maximum stack-gas concentration for total dioxins and furans of 30 ng
per dry standard cubic meter (adjusted to 7% oxygen) is given for municipal waste combustors in 40 CFR
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60.53a. This concentration was exceeded in one of the pilot test runs (Run #1).

Moare stringent concentration limits may be imposed for stacks of facilities other than municipal waste
combustors. A fluid bed reactor may distribute some of the hazardous constituents (metals) to the land
surface in a populace area of the state. Emissions would enter the atmosphere from a 9 meter stack at
18 m/s. Because of the meteorological conditions in the region, metals would be redistributed on the
ground and available for plant, animal, and human uptake. The relatively arid climate would also increase
the amount of time for the metals to be leached by precipitation. The long and short-term environmental
impacts of metals distribution and accumulation under these conditions are considerations that impact the
licensing of the facility.
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SECTION Vi
DESIGN AND OPERATIONAL CONSIDERATIONS

A. WASTE PROFILE

The PMB wastes generated at Hill Air Force Base, and at other facilities, are currently (1994) being
disposed of by stabilization and landfilling at a cost of 1.08 $/kg (980%/ton). A cost/benefit evaluation of
the proposed fluid bed thermal treatment process shows the impact of the profile (i.e. quantity and
characteristics) of the PMB waste. The pilot tests demonstrated that a fluid bed treatment process is an
efficient process to reduce the volume of PMB waste for disposal. However, waste streams such as the
B50 stream from Hill Air Force Base would leave significant residue after combustion that requires
additional management [1].

Based on the 1993 waste profile generated at Hill Air Force Base, 125 metric tons of PMB waste
would have resulted in approximately 21 metric tons of ash residue requiring stabilization and
management (17 metric tons from the B50 waste stream and 4 metric tons from all other waste streams).
Therefore a better definition of the waste profile and summary of current waste management practices
and costs is essential for conducting an effective cost/ benefit evaluation.

B. OPERATING FACTOR

The actual throughput of a full-scale fluid bed combustion process compared to the design capacity
is the operating or capacity factor. The suggested (by HAFB) operating schedule was one shift a day, five
days per week for the full-scale process. This transiates into an operating factor of 0.24 (assuming ‘
maintenance can be conducted on the off shifts). The same facility operating continuously (24 hours per
day, 7 days per week) has an operating factor of approximately 0.85 (assuming 0.15 for maintenance and
miscellaneous downtime) and can process 3.5 times, more waste. The economy of the facility improves
by processing the waste by approximately a factor of 2.

C. METAL RECYCLE

Since the ash residues contain high concentrations of cadmium and lead, recycle for metal recovery
is considered an alternative for plain disposal. Metal recycling facilities (three random companies) have
minimum limits for concentrations of specific metals in the wastes. One company had a minimum feed
metal concentration low enough to accept the ash from the fluid bed combustion process for recycle. The
cost for the recycling process was estimated at $200 per drum or $500 per metric ton delivered in bulk.

D. LIFE CYCLE COST

Design considerations are important in assessing the life cycle cost of operating a fluid bed reactor
thermal treatment process. This is because most of the total cost is due to capital equipment and
maintenance expenditures. The LCC analysis performed for the thermal treatment process indicates high
processing rates make this option cost-effective when compared to direct landfilling. In order to be more
cost-effective, the capital equipment should be capable of handling high waste-processing rates and
require as little maintenance as possible.

E. ENVIRONMENTAL IMPACT

There are environmental concerns associated with both thermal treatment and direct landfilling
options. The fluid bed reactor is technically an incinerator, and is therefore subject to stringent emission
regulations by the EPA. The pilot-scale test indicated that this process can meet the current and potential
regulatory limits for emissions. However, this may not be perceived as a preferred waste-treatment
process. A fluid bed reactor must be designed with the most efficient emission collection system possible
in order to meet the most stringent regulations.
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SECTION Vil
CONCLUSIONS AND RECOMMENDATIONS

The pilot test demonstrated that the volume of solid PMB waste, such as generated at Hill Air Force
Base can be reduced by as much as a factor of 20 by treatmentin a fluid bed reactor. During the pilot test -
operation, the reactor met the emission regulatory standards associated with the gaseous combustion
products. The ash residue formed during combustion can be stabilized to meet regulatory standards for
leachability by encapsulating the ash in a solid cement-slag waste form.

The life cycle cost analysis indicates that the fluid bed reactor thermal treatment process can be cost-
effective in some cases when compared to direct landfilling, even though capital and maintenance costs
are relatively high. Several environmental concerns exist with thermal treatment of PMB wastes. These
concerns require further investigation to license a fluid bed reactor thermal treatment process.

This study, and the data of the engineering scale test, provide the basis for determining whether
thermal treatment of PMB waste to reduce the volume of solids to be disposed should be built. The
economic evaluation uses input data available at the time of the study (1994) and ancilliary environmental
impact information. As mentioned in the report, after completion of the study, but prior to publishing this
report, additional information became available. This information shows that direct landfilling costs have
already increased significantly relative to the cost assumed in the study. These new costs are on the order
of 1$/kg vs previously 0.25 $/kg, which are within, or even exceed, the range of cost calculated for the
thermal treatment.
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1.0 EXECUTIVE SUMMARY

Martin Marietta Energy Systems (MMES), acting under its Contract Number DE-ACO5-
840R21400 with the Department of Energy (DOE), is investigating methods to reduce the
volume of hazardous wastes generated by plastic media blasting (PMB) to remove paint from
military aircraft. In an earlier project, bench-scale testing was conducted using rotary kiln thermal
treatment technology in order to demonstrate PMB waste volume reduction and to determine the
fate of metals contained in the PMB waste. A summary of the bench-scale testing objectives,
methodologies, and results is presented in the report entitled "Test Report for Bench-Scale
Testing of a Thermal Treatment System for Wastes from Plastic Media Paint Stripping
Operations" (Bench-Scale Test Report) prepared by Focus Environmental Inc. and dated January
1994. The bench-scale testing showed that the PMB waste became tacky and foamed during
heating.

MMES issued a Request for Proposal (RFP) on February 14, 1994 to potential bidders to conduct
pilot-scale treatability studies of commercially available thermal treatment processes for treating
the plastic media/paint waste (PMB waste) streams. Focus Environmental, Inc. (Focus) submitted
a proposal (Proposal Number 029407) and was awarded a contract for performing pilot testing
using fluidized bed oxidation on a continuous basis for achieving volume reduction of the PMB
waste. A cyciore .eparator followed by cooling and fabric filtration (baghouse) was used to
remove ash, bed carryover, and regulated metals from the combustion offgas.

A survey of the PMB waste generated at Hill Air Force Base (HAFB) was conducted to
determine the most representative sample for pilot testing. The two largest PMB waste streams
generated at HAFB are denoted as B43 and B70 wastes. The B48 stream contains Type II plastic
media. The B70 stream contains Type V plastic media. Samples of these two waste streams were
obtained from HAFB and composited to form a representative sample for pilot testing. The
composite waste sample was analyzed for elemental analysis, heat content, particle size
distribution, and total metals. The pilot-scale testing of the FBR was conducted during a three
day period in September 1994.

The waste composite sample was processed in the pilot scale fluid bed reactor (FBR) while
varying bed temperature and offgas oxygen concentration. Process operating data and emission
sampling was conducted at the varying conditions. Emissions of carbon monoxide (CO), total
hydrocarbons (THC), oxides of nitrogen (N 0,), and sulfur dioxide (SO,) were measured as a
function of bed temperature and offgas oxygen concentration. Emissions of particulate, metals,
volatile organics, semivolatile organics, dioxins and furans, hydrogen chloride/chlorine, and
hydrogen cyanide were measured in the offgas as a function of bed temperature.

Grab samples of the bed media and ash captured in the cyclone separator and the baghouse during
the pilot test were characterized. These residuals were analyzed for particle size distribution, bulk
density, and total metals. The ash captured in the cyclone separator and baghouse from all three
days of testing was composited to form a sample for stabilization testing. The ash composite
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sample was mixed with varying quantities of fly ash, blast furnace slag, Type II Portland cement,
and water to determine if the ash could be stabilized to meet the applicable regulatory standards
for leachability.

In addition to the B48 and B70 waste streams, HAFB generates another significant waste stream
that contains a mixture of the plastic blasting media and inert material. This waste stream is called
B50 waste. A sample of this waste stream was also obtained from HAFB for characterization.

The pilot test demonstrated that fluid bed combustion technology could effectively reduce the
volume of PMB wastes while maintaining emissions at levels that could meet current and
anticipated regulatory standards. Results and conclusions from the pilot testing include:

The annual mass of PMB waste generated at Hill Air Force Base (HAFB) is approximately 123
metric tons (142 tons).

The Type II plastic blasting media has a significant organic nitrogen content (approximately 21
mass percent).

The B48 and B70 PMB waste streams have ash contents of approximately 2.5 and 6.7 mass
percent, respectively.

The B50 waste stream contains inert material (garnet and ash) at a concentration of approximately
65 mass percent.

A bed fluidizing air velocity of approximately 0.75 m/s (2.5 ft/s) was determined to be optimum
using silica as a bed media. A fluidizing velocity of 0.85 m/s was used successfully in the pilot
tests with silica as the bed media.

The combined residence time for the combustion gas in the fluid bed and freeboard should be a
minimum of 3.5 seconds. '

Total ash recovery was approximately 81 mass percent. The remainder of the ash was retained in
the bed by agglomerating to the bed media. Use of a bed modifier (Kaolin clay) will be required
to minimize agglomeration of the ash to the bed media.

The cyclone particulate removal efficiency was approximately 97 weight percent.

At a bed fluidizing velocity of 0.85 m/s, approximately 20 mass percent of the ash captured in the
cyclone and baghouse was a result of bed media carryover.

The average particle size of the bed media increased during the pilot test runs due to
agglomeration of the bed media with ash residues from the waste.
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Concentrations of phosphorus, sodium and potassium in the bed media increased much more
rapidly than other metals compared to the feed rates of these metals to the system. This also
indicates agglomeration of the bed media.

Offgas concentrations of carbon monoxide and total hydrocarbons decreased with increasing bed
temperature at constant offgas oxygen concentrations. Offgas concentrations of carbon monoxide
and total hydrocarbons decreased with increasing offgas oxygen concentrations at constant bed
temperatures.

Offgas concentrations of NO, increased with increasing bed temperature at constant offgas
oxygen concentrations. Offgas concentrations of NO, increased with increasing offgas oxygen
concentrations at constant bed temperatures. Concentrations of NO, in the offgas ranged from
416 to 858 ppm by volume.

Conversion of organic nitrogen to NO, averaged approximately 3.3 mass percent.

Offgas concentrations of SO, typically increased with increasing bed temperature at a constant
offgas oxygen concentration. Offgas concentrations of SO, typically decreased with increasing
offgas oxygen concentrations at a constant bed temperature. Offgas concentrations of SO,
ranged from 21 te 90 ppm by volume.

Detectable emissions of hydrogen cyanide were measured during all three pilot test runs. The
offgas concentration of hydrogen cyanide decreased with increasing bed temperature.

Fluid bed combustion processes burning PMB waste should be operated at bed temperatures
between 800 and 900°C and offgas oxygen concentrations greater than 9 percent by volume to
minimize emissions.

The concentration of cadmium in the baghouse dust increased with increasing bed temperature.
~ As a result, the corresponding emissions of cadmium in the offgas from the baghouse also
increased.

The lowest stack concentration of total tetra through octa dioxins and furans was 6.5 ng/m’
measured at a bed temperature of 877°C and an offgas oxygen concentration of 7 volume percent.
The corresponding tetrachlorodibenzoa(para)dioxin (TCDD) toxic equivalent emission rate was
0.12 ng/m’. These measurements are on a dry basis at 1 atmosphere and 20°C, corrected to 7
volume percent oxygen. These values are essentially equal to proposed regulatory limits that may
be applied to a future full-scale system (EPA Combustion Emission Technology Resource
Document, CETRED). Modifications to the full-scale process design compared to the pilot scale
process should decrease the offgas concentrations of dioxins and furans below those measured in
the pilot test.
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Concentrations of particulate in the offgas averaged 18,200 Mg/m’® (0.0079 grains per dry
standard cubic foot) corrected to 7 volume percent oxygen. This value is an order of magnitude
less than the current regulatory limit and essentially equal to the proposed regulatory limit that
may be applied to the future full-scale process (CETRED). Conditioning of the bags and
development of a dust cake on the bags should decrease the particulate emissions from a full-scale
process compared to the pilot test.

System removal efficiencies for metals were greater than 99.9 mass percent for those metals
which were present at concentrations greater than 100 mg/kg in the starting waste. This indicates
that a full-scale process equipped with a baghouse will be able to meet the metal emission
standards.

Concentrations of cadmium and lead were significantly higher in the baghouse dust than in the
cyclone ash during the pilot test. This data indicates these two metals have higher volatility than

other metals.

The ash residue can be stabilized to meet the regulatory standards for leachability using mixtures
of ash, Type II Portland cement and blast furnace slag.
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2.0 PROJECT DESCRIPTION

2.1 INTRODUCTION

Martin Marietta Energy Systems (Energy Systems), acting under its Contract No. DE-ACO05-
840R21400 with the Department of Energy, is investigating methods to reduce the volume of
hazardous wastes generated by plastic media blasting to remove paint from military aircraft. The
waste to be treated consists of mixtures of Type IT and Type V spent plastic blasting media and paint
flakes. The waste is a RCRA characteristic hazardous waste because of the leachability of chromium
and cadmium. The physical form of the waste is a fine powder with a particle size typically between -
38 and 300 Mm (400 and 48 mesh). Energy Systems has contracted with Focus Environmental, Inc.
(Focus) to conduct a pilot-scale treatability study using commercially available thermal treatment
process components for treating the plastic media/paint waste streams.

The major findings of previously completed bench-scale treatability testing included:

The mass of waste can be reduced by a factor of approximately 100 using thermal processing to
volatilize the organic media present in the waste

The temperature at which the waste blend began to melt was between 250 to 310°C (482 to
590°F)

Significant organic vapor release begins at approximately 325°C (617°F)

The melted waste blend has a significant viscosity and expands into a foam upon the liberation of
organic vapors (the expansion ratio is between 8:1to0 10:1)

The melted waste displayed a tendency to "stick" to the surface of the thermal test unit.

The results of the bench-scale test were used to plan a pilot-scale test for evaluating the feasibility of
thermally processing the waste. Fluid bed thermal oxidation technology was proposed for evaluation
in the pilot-scale testing. This document describes the pilot-scale testing and presents the results of
the tests.

2.2 OBJECTIVES

The overall objectives of the testing includes (1) demonstrate the feasibility of using fluid bed reactor
(FBR) technology and associated air pollution control system (APCS) to achieve sufficient waste
volume reduction at the selected waste feed rates while operating at process conditions which
minimize the emissions of criteria air pollutants and (2) provide sufficient data and information
necessary to scale-up the process from the pilot-scale to a full-scale design. Specific objectives of
the pilot-scale test include:
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Characterize the waste feed including the explosive characteristics of the PMB
waste dust in air mixtures

" Demonstrate an adequate waste feed system configuration for introducing the
waste into the FBR

Identify material for use as the solid fluidizing media

Evaluate the effect of bed temperature and excess oxygen on selected emissions
from the process

Establish target process operating conditions (i.e., fluidizing velocity, bed
operating temperature, and excess oxygen) that provide effective fluid bed

oxidation while minimizing selected emissions

Determine process-specific information (i.e., bed carryover, ash carryover, bed
cooling requirements, baghouse pulse frequency) under the various test conditions

Determine characteristics of the ash generated by the process

Determine the ability to stabilize a composite ash sample from the process.

2.3 BASIC APPROACH

Focus chose Hazen Research, Inc. (Hazen) of Golden, Colorado as the subcontractor to conduct the
pilot-scale test. Hazen conducted the pilot-scale test utilizing a continuous process consisting of a
FBR and dry APCS (cyclone separator, dry quench, and baghouse). A continuous emissions
monitoring system (CEMS) was used to analyze the process offgas for selected components. The
process offgas was sampled for particulates, metals, volatiles, semivolatiles, dioxins/furans, HCVCl,,
and cyanide using stack gas sampling trains. A detailed description of the test apparatus, test
protocol, and emission sampling is presented in Section 4.0.

The starting waste feed material and process-generated residues were analyzed for metals and used
with measured waste flow rates and ash generation rates to determine the fate of the metals during
thermal processing. Data and observations were collected to determine the effectiveness of the
processing scheme to vaporize and thermally destruct the organics from the waste while minimizing
specific process offgas emissions (NO,, SO,, CO, THC, volatiles, metals, semivolatiles, dioxin/furans,
and cyanides).
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Hazen conducted the tests using existing equipment. Hazen and selwed analytical subcontractors
analyzed the samples generated during testing for all parameters of interest. Focus and Energy
Systems personnel present during the three days of test runs included:

Paul Sadler (Focus)

Greg Smith (Focus)

David Lloyd (Energy Systems)
Uri Gat (Energy Systems).
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3.0 PRE-PILOT TEST ACTIVITIES

3.1 WASTE PREPARATION AND CHARACTERIZATION

3.1.1 Waste Description

Selection of a representative waste sample for testing is critical to the generation of test data that
can be used for scale-up of operating and emission data. One of the major generators of the PMB
waste is Hill Air Force Base (HAFB) in Davis County, Utah. To insure that the sample selected
for testing was representative of the majority of the waste to be processed, Focus contacted
HAFB personnel responsible for various areas at the facility where plastic media blasting (PMB)
wastes are generated. Notes from these contacts are included in the Annexes.

HAFB uses various types of media to strip paint from metal surfaces, primarily aircraft. The
various types of stripping media may be broadly categorized as plastic or inert (garnet or silica).
The actual media used for a specific purpose may be a specific plastic media or a blend of plastic
and inert medi- der-ending on the application. There are five specific types of plastic media that
may be used at HAFB. These five types include:

Type I - Polyester (thermoset)

Type II - Urea Formaldehyde

Type III - Melamine Formaldehyde

Type IV - Phenol Formaldehyde (thermoset)
Type V - Acrylic (thermoplastic).

Of these five types, Type II and V are the types used most frequently at HAFB. The majority of
the spent blasting media at HAFB is categorized in one of four different waste streams. These
waste streams include:

B48 Waste - Type II plastic blasting media only
B49 Waste - Type II plastic blasting media combined with garnet or silica. The mixture
typically consists of less than 10 percent garnet or silica by mass.
B50 Waste - Type II plastic blasting media combined with garnet. The mixture typically
consists of 50 to 80 percent garnet by mass.
B70 Waste - Type V blasting media only.

Table 3-1 presents a summary of the PMB waste generation data for these four waste streams

for calendar year 1993. According to the generators, each PMB waste stream is likely to include
some trash (i.e., plastic bags, cigarette butts, felt paper, tape, glue, safety wires, etc.).
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The B48 and B70 wastes consist only of paint chips and the plastic blasting media. These two waste
streams accounted for approximately 40 and 28 mass percent of the total PMB wastes generated in
1993, respectively. '

The B49 and BSO waste streams are blends of Type II plastic and inert materials. The B49 waste
streams contain varying concentrations of inert materials but are predominantly Type II plastic
blasting media (less than 10 percent inert materials). The B50 waste stream contains garnet at
concentrations ranging from 50 to 80 percent. The gamet fraction of the B50 waste stream is not
combustible and would present a significant ash loading to a fluid bed combustion system. The data
in Table 3-1 indicates chat the B49 and B50 waste streams accounted for 13 and 20 mass percent of
the total PMB wastes generated in 1993, respectively.

3.1.2 Waste Sample Preparation

Based on the survey results listed in Table 3-1, five samples of PMB waste material were collected
and shipped from HAFB. These samples included:

B48 Waste, Site Number NO3B (142 kg)

B48 Waste, Site Number NO4A (113 kg)

B70 Classifier Waste, Site Number LA30 (111 kg)
B70 Baghouse Waste, Site Number LA30 (112 kg)
B50 Waste, Site Number KO6H (38 kg).

Each individual sample was blended and an aliquot was taken for measurement of particle size
distribution. The two B48 samples were combined and blended as were the two B70 samples.
Aliquots of the two blended samples were taken for elemental analysis. The balance of these two
samples was combined and blended to form a B70/B48 composite PMB waste sample for testing.
The resulting composite sample consisted of 46 mass percent B70 waste and 54 mass percent B438
waste. Aliquots of the waste composite sample were taken and analyzed for particle size distribution
and elemental analysis.

The B50 waste sample was blended and maintained as a separate sample. An aliquot of the B50
waste was taken and analyzed for particle size distribution, elemental analysis, heat content and total

metals.

A flow chart showing the sample handling and blending of the B70 and B48 is presented in the
Annexes.

3.1.3 B70/B48 Waste Characterization
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Table 3-2 presents the results of particle size distribution analyses of the individual PMB waste
samples that were blended to form the waste composite sample. The particle size distribution for the
PMB waste composite sample is also presented. The results indicate that the B48 waste has a smaller
mean particle size than the B70 waste.

Table 3-3 presents the results of the elemental analysis of the various PMB waste samples. The B48
waste has a significantly higher nitrogen content than the B70 waste. This was expected due to the
nitrogen component of the urea formaldehyde in the Type II plastic. The B48 waste had a higher
moisture content likely due to the smaller particle size as shown in Table 3-2. Both waste samples
have a significant heat content. The B70 waste has a significantly higher carbon, hydrogen, and heat
content than the B48 waste. The results for the composite waste sample are consistent with the blend
proportions of the individual samples. The nitrogen content will contribute to the potential formation
of nitrogen oxides (NO,) in the fluid bed combustion process.

Table 3-4 presents the results of metals analyses conducted on the waste composite sample. An
aliquot of the waste composite sample was taken and ashed in a muffle furnace to remove the organic
content. The resulting ash was also analyzed for total metals. The results of the ash analyses are also
presented in Table 3-4. The RCRA metals cadmium, chromium, barium and lead were present in
significant concentrations in the waste composite sample. Other components present in significant
concentrations that may impact the fluid bed operation include potassium and sodium.

After ashing, the resulting metals analyses were consistent with the starting metals analyses
considering the 96 percent volume reduction upon ashing. The ash analysis also indicated a
significant sulfate content and a detectable concentration of phosphorus. The presence of these
parameters could have implications for the fluid bed media when operated for an extended period of
time.

The fusion temperature was also assayed for the ash from the B70/B48 composite. The data showed
that in an oxidizing atmosphere, the ash began melting at a temperature of about 1,275°C (2,327°F)
- and became fluid at a temperature of 1,3 85°C (2,525°F). These temperatures are significantly higher
than the planned operating temperature of the fluid bed reactor (FBR). Therefore, melting of the ash
from the B70 and B48 wastes is not expected to be a concern.

A thermogravimetric analysis (TGA) was conducted on the waste composite sample to measure the
sample mass loss as a function of temperature and to determine the temperature range at which the
organic components would evolve. A copy of the resulting thermogram is presented in Appendix A.
The results show that a significant mass loss occurred between 250 and 600°C (482 and 316°F)
resulting in a final product that was equivalent to approximately 4.5 percent of the starting mass. The
final ash content corresponds closely with that determined in the ultimate analyses (4.01 mass
percent) and from the percent ash determined by muffle furnace roasting of the composite sample
(4.23 mass percent). ’
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Differential thermal analysis (DTA) provides a graphic display of exothermic and endothermic
reactions of a sample as a function of temperature. A DTA was performed on the muffle furnace
roasted ash from the waste composite sample to determine whether phase changes, eutectics, or
melting would occur within the temperature range of the planned fluid-bed tests. No significant
reactions of this type were recorded, and the final sample from the test was a loose powder, similar
in nature to the starting sample. A copy of the results of the DTA is presented in the Annexes.

3.1.4 Explosive Characteristics

An aliquot of the waste composite sample was taken and evaluated to determine the explosive
characteristics of the waste dust in air. The results of these tests are summarized in Table 3-5. The
results indicate that under certain conditions it is possible for waste dust and air mixtures to explode.
The maximum pressure developed during the test (7.7 bar) indicates that all containment vessels
where dust clouds of the waste material could form should be grounded and fitted with an explosion
relief vent. However, any explosion resulting from handling the waste material can be classified as
a weak explosion meaning that the rate of pressure rise would be relatively low compared to
explosive dust clouds of other materials (for example, aluminum dust). Therefore, the size of the
relief vent can be relatively small. Sizing of the relief vents would be conducted during detailed
process design.

The test results indicate that the waste powder is relatively insensitive to electrostatic charges such
that there is no need for operators to wear antistatic footwear or to forbid contact of the dust cloud
with plastic materials. However, the pneumatic transfer line to the FBR should be made of a
conductive, grounded material.

Most dust clouds require a minimum concentration of oxygen in the dust cloud for an explosion to
occur. Dust clouds classified as exhibiting severe explosion potential usually have a minimum
explosive oxygen concentration of approximately 8 volume percent (i.e., if the oxygen concentration
is less than this value, an explosion will not occur). Nitrogen purging may be used in some systems
to decrease the oxygen concentration to a level less than the minimum explosive concentration.
However, this can be very expensive, especially in "open systems" where the nitrogen blanket is
constantly having to be replenished. The minimum oxygen concentration required for an explosion
1o occur with the PMB waste dust cloud is relatively high (15 volume percent). Therefore, nitrogen
purging to reduce the oxygen concentration from ambient (21 volume percent) to 15 volume percent
may be cost effective.

3.1.5 B50 Waste Characterization
Tables 3-3 and 3-4 also present the results of analyses conducted on the sample of B50 waste. The
results verify the significantly higher ash content expected from this waste due to the inorganic garnet

present in the waste. The heat content of the B50 waste (8,702 kJ/kg) is much lower than the heat
content of the B48 or B70 wastes (15,747 to 25,005 kJ/kg) because of the dilutional effect of the
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inert garnet. Metals analyses indicate lead and chromium concentrations are at levels similar to those
found in the other wastes. However, the cadmium concentration is much lower (85 mg/kg compared
to 985 mg/kg). The gamet content is reflected in the increased silicon content of the B50 waste. The
concentrations of iron and aluminum are also higher in the BSO waste, most likely a result of blasting
paint from steel or aluminum surfaces.

Tabular results of all analyses reported by Hazen are included in Appendix A.

3.2 BED MEDIA SELECTION AND CHARACTERIZATION

Various materials have been used as bed media in fluid bed combustion processes. Two of the more
commonly used media are silica (20 by 65 mesh) and alumina (32 by 65 mesh). Silica is often used
because it is readily available and inexpensive. Alumina may be considered when there is a possibility
of silica interacting with the ash from the processed material to form eutectics, which results in ash
sticking or melting. The following is a description of testing and results conducted to determine
which of these two media to use in the pilot scale fluid bed test.

Cold flow fluidization tests were performed on the silica and alumina to determine the gas flow
necessary for optimum fluidization. Tests were conducted in a laboratory-scale glass fluidization
system, including a glass fluid-bed vessel 10.2 ¢cm (4 inches) in diameter by 61.0 cm (24 inches) tall.
The system is equipped with a cyclone and baghouse for capture of fine particles that may escape the
fluid-bed vessel.

The results of the fluidization study on these samples showed that optimum fluidization characteristics
were obtained at an air velocity of approximately 0.76 m/s (2.5 ft/s) and 0.61 /s (2.0 fi/s) for the
silica and alumina, respectively. Optimum determinations were made based on visual observation of
the fluidization characteristics. Carryover of the bed media was 0.03 mass percent for the silica media
and 5.5 mass percent for the alumina. :

The higher gas velocity for optimum fluidization of the silica media means that more fluidizing air
could be used, which allows more oxygen in the system for combustion, resulting in higher feed
capacities. Also, if silica media is used, the lower carryover minimizes the quantity of makeup bed
media that will have to be added to the system. Low carryover also minimizes the quantity of residue
that has to be handled by the air pollution control system and the cost of subsequent disposal of that
residue.

A cold flow fluidization test was also conducted on ash from a muffle furnace roasted sample of the
B50 waste to determine the fluidizing characteristics of the B50 ash. The results of this test allowed
evaluation of the potential for the ash from the BS0 waste to be used as the bed media. The fluidizing
velocity of the BSO ash was 0.11 m/s (0.36 ft/s) which is significantly lower than the fluidizing
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velocity for either the silica or alumina media. Operation of the fluid bed such that the ash from the
B50 waste would remain in the FBR to form the bed would severely limit the capacity of the unit.

DTAs were performed using varying mixtures of the waste plastic ash and silica media. The purpose
of these tests was to determine whether the mixture of waste ash with silica would result in any
undesirable reactions that caused eutectic formation. A DTA of the silica media was conducted as
a baseline. These analyses show no reactions of significance, other than the silica phase change that
was expected to occur at a temperature of about 570°C (1,058°F). These results gave preliminary
indications that the waste ash and silica would not interact detrimentally and were used as the other
criteria for selecting silica as the fluidizing medium. Graphical presentations of the DTA results from
silica media and ash mixtures are included in the Annexes.

As a result of these tests, silica was selected as the fluidizing medium for the pilot scale fluid bed
tests.
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4.0 PILOT-SCALE TEST DESCRIPTION AND EXECUTION

4.1 EQUIPMENT DESCRIPT O™

Figure 4-1 illustrates a process flow diagram of the HAZEN pilot-scale waste processor. The
HAZEN pilot-scale process consists of five major systems: (1) waste feed system, (2) fluid bed
reactor (FBR) system, (3) air pollution control system, and (4) process monitoring systems. All
devices are constructed of materials designed to withstand the conditions expected during normal
operation.

4.1.1 Waste Feed System

A 0.03 m® (1 ft®) storage hopper was used for storage of the waste feed material. Waste material
was discharged via a rotary valve to a constant-speed screw feeder. The screw feeder was
equipped with a 5 cm (2 inch) diameter screw that was used to transfer the waste material from
the discharge of the rotary valve to a 1.3 cm (0.5 inch) diameter transport line. Compressed air
from a blower passed through the transport line and conveyed the waste material to the FBR
through a waste injection nozzle. Since the FBR was operated under a positive pressure,
backflow through the-screw feeder and hopper was prevented by a rotary valve at the base of the
hopper. Waste feed rate was controlled by varying the rotational speed of the rotary valve. The
waste feed rate was measured by monitoring the weight change of the hopper per unit time.

The waste injection nozzle consisted of two concentric nozzles. The pneumatically conveyed
waste flowed through the inner nozzle. The conveying air served to distribute the waste feed
across the entire cross-section of the FBR and to promote lateral mixing of the waste and solid
fluidization media in the FBR. Cooling water flowed through the outer nozzle to indirectly cool
the nozzle and prevent melting of the plastic waste material prior to entering the FBR. Some
additional cooling was achieved via the air used to convey the waste material.

4.1.2 Fluid Bed Reactor

The FBR was used to thermally destroy the organic portion of the waste material. The entire
waste combustion system was lined with 11.4 cm (4.5 inches) of high temperature castable
refractory backed by 11.4 cm (4.5 inches) of insulating castable refractory. The FBR itself has
three sections joined together by flanges; (1) windbox, (2) fluidized bed, and (3) freeboard.

The windbox is an L-shaped housing used to provide sufficient residence time to preheat ambient
air, which was then used to preheat the solid fluidizing media in the FBR. A 0.32 GJ/h (300,000
Btu/h) propane burner is attached to the front of the windbox and is capable of preheating the
FBR up to an operating temperature of 1,000°C (1,850°F). Two air streams were supplied to the
windbox. One air stream supplied combustion air necessary to operate the burner while a second
air stream was used for fluidization.
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The waste material had a high heat content and thus was capable of sustaining the FBR at the
desired operating temperature during normal operation without preheating the fluidizing air. The
windbox burner was used only during startup to raise the FBR to the specified operating
temperatures.

The fluidized bed contained 159 kg (350 Ib) of solid fluidization media (bed media) that was
heated to combustion temperatures. The base of the fluidized bed has a perforated plate equipped
with 14 T-bar tuyeres for equal distribution of the fluidizing air across the base of the bed. The
fluidized bed is 38 cm (15 inches) inside diameter extending to a height of 152 cm (60 inches).

Waste was fed continuously to the fluidized bed through a port located 15 ¢cm (6 inches) above
the base of the fluidized bed.

The freeboard zone is designed to provide additional residence time for completion of combustion
and to minimize carryover of solid fluidizing media in the offgases exiting the FBR. The lower
section of the freeboard zone is a tapered section, 33 cm (13 inches) long that serves as a
transition zone from the fluidized bed. The upper section of the freeboard zone has a 53 cm (21
inch) inside diameter and is 58 cm (23 inches) tall. The increased diameter of the upper section
results in a reduced gas velocity, which in turn causes the particles to disengage from the
combustion gases. The volume in the freeboard section also provides more residence time for
completion of combustion. The top of the freeboard section has a 10 cm (4 inch) inside diameter
pipe used to duct the exiting combustion gases to the air pollution control system (APCS).

4.1.3 Air Pollution Control System

The APCS consists of a cyclone separator, dry quench, baghouse, induced draft fan, and stack.

A 20 cm (8 inch) diameter cyclone separator is used to remove coarse particulates from the
combustion gas exiting the FBR. Coarse particulates are discharged via gravity into a totally
anclosed ash collection canister. The combustion gas exits the cyclone separator and enters the
dry quench.

The dry quench consists of three indirect heat exchangers in series used to lower the temperature
of the combustion gas exiting the cyclone separator to temperatures acceptable for baghouse
operation. To maintain the integrity of the bags, the heat exchangers were operated such that the
combustion gas temperature was lowered to less than 260°C (500°F). Potable water was used as
the heat exchange medium in a countercurrent flow pattern to the combustion gases. The water
exiting the first heat exchanger was sent to drain. The quenched combustion gas exited the dry
quench to the baghouse. ’

The baghouse was used as a final particulate removal device. The baghouse contained a total of
16 bags fabricated from fiberglass felt. Each bag was 11.4 cm (4.5 inches) in diameter and 91.4

cm (36 inches) long. The fiberglass felt bags have a maximum operating temperature of 260°C
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(500°F). Pulsed air was used to discharge collected dust from the bags as required. A manually-
operated rotary air-lock valve was used to discharge collected particulates from the baghouse
hopper to an ash collection canister.

An LD fan was used to maintain the APCS under negative pressure and to transport the cleaned
combustion gas from the process. The I.D. fan is a fixed speed fan with a damper valve used to
control the draft created by the fan. The fluidizing air blower at the front of the FBR acts as a
forced draft fan and provides pressure to lift the bed media for fluidization. Therefore, the
pressure at the entrance to the process was positive and the pressure at the end of the process was
negative. The pressure balance point (i.e., the point in the process where the pressure equals the
atmospheric pressure) was near the outlet of the freeboard section.

4.1.4 Process Monitoring System

A list of the process monitoring instruments used during the pilot test is summarized in Table 4-1.
Figure 4-2 shows the locations of the specific monitors listed in Table 4-1.

Two Type "K" thermocouples were used to monitor temperature in the windbox. Pressure in the
windbox was measured using a single pressure gauge. Calibrated orifice meters were used to
measure the feed rates of fluidization air.

Type "K" thermocouples were used to monitor temperature in the fluidized bed. With the base of
the fluidized bed as the point of reference, three thermocouples placed 120° apart are located at a
height of 15 cm (6 inches), one thermocouple is located at a height of 31 cm (12 inches), and
three thermocouples placed 120° apart are located at a height of 46 cm (18 inches). A single
thermocouple is also located at heights of 61, 76, and 92 cm (24, 30, and 36 inches) above the
base. Two Type "K" thermocouples were used to measure temperature in the freeboard zone.
The pressure drop across the entire FBR was measured via a differential pressure gauge.

Pressure drop across the cyclone separator was measured by a differential pressure gauge. The
flowrate of water to the heat exchangers was measured manually using a rotameter. Two Type-K
thermocouples were used to measure the heat exchanger inlet and outlet gas temperatures.

Pressure drop across the baghouse was measured using a differential pressure gauge. Two Type
"K" thermocouples were used to measure temperature of the gases entering and exiting the
baghouse. '

The combustion gas was continuously sampled at the outlet of the baghouse and analyzed for O,,
C0,, CO, SO,, THC, and NO,. A heat-traced line was used to transport the combustion gas
sample to the CEMS. The sample first passed through a heated 2 - Mm filter. The dust-free
sample was cooled rapidly to approximately 2°C (35.6°F) to condense and remove water from the
gas sample. Specific gas analyzers utilized include:
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Infrared Industries Model 2200 analyzer for O,

Infrared Industries Model 703 analyzer for CO,

Beckman Model 864 analyzer for CO

ThermoElectron Model 40 analyzer for SO,

Beckman Model 951A analyzer for NO,

Thermo Environmental Instruments Model 51 analyzer for THC.

Critical monitoring devices were calibrated prior to conducting the pilot testing. Records of
calibrations conducted are included in the Annexes.

4.1.5 Process Monitoring and Control Center

The pilot-scale facility is equipped with on-line instrumentation to obtain process operating data.
Process temperatures and gas composition data were monitored and recorded continuously. A data
acquisition system was used to monitor and record selected process data. A multipoint recorder was
used to record temperatures continuously.

4.1.6 Stack Sampling Equipment

Stack sampling trains were used to take samples for determination of the following emissions:
Particulates and metals (Multiple Metals Sampling Train, MMT, 40 CFR 266)
Volatiles Organic Sampling Train (EPA Method 0030, VOST, SW-846)
Semivolatiles and dioxin/furans (EPA Method 0010, M0010, SW-846)
HCVCl, and hydrogen cyanide (Modified EPA Method 0050, MMS, 40 CFR 266).

Schematic diagrams of the sampling trains used during the testing are provided in Appendix E.

4.2 TEST EXECUTION

4.2.1 Shakedown Testing

Prior to performing the three planned test runs, two days of shakedown testing were conducted.
The purpose of the shakedown testing was to evaluate the operational ability of the system to
meet the program objectives.

The first day of shakedown testing was conducted primarily to monitor the equipment operability
and to provide the operators with process familiarization. The operators also became familiar
with their respective responsibilities, and gained an understanding of how the system responded to
the waste material being processed. Operators were familiarized with the feed characteristics,

52




required sample handling techniques, and fluidization characteristics, and data collection and
process monitoring requirements specific to the testing.

The second day of shakedown testing was used to refine the operational procedures and fine tune
the process in preparation for meeting the test parameters planned for the three scheduled test

nuns.

4.2.2 Matrix of Test Parameters

The pilot-scale test program developed for this study allowed for three (3) days of testing (one
test run per day). The process was operated for approximately twelve (12) hours each day and
shutdown overnight between test runs. The twelve hours of operations included startup,
operation, shutdown, and sampling.

The key test parameters investigated during this pilot test included:

Bed temperature
Offgas oxygen concentration.

The target bed operating temperatures were 760, 870, and 980°C (1,400, 1,600, and 1,300'F),
while the target offgas oxygen concentrations were 5.5, 7.0 and 9.0 volume percent for each
target bed operating temperature. The pilot process was operated at the three target offgas
oxygen concentrations for each bed operating temperature. The target bed operating
temperatures span the range of typical fluid bed reactor operating temperatures. Cooling of the
bed using water addition was required due to the high heat content of the waste feed.

The effect of varying the bed temperature and offgas oxygen concentration on process emissions
was measured during the pilot test. Specific emissions measured included:

Carbon monoxide (CO), sulfur dioxide (SO,), nitrous oxide (NO,), total hydrocarbons (THC),
metals, particulates, volatile organics, semivolatile organics, dioxins and furans, HCV/Cl,, and
hydrogen cyanide (HCN) as a function of bed temperature at an offgas oxygen concentration of
7.0 volume percent.

CO, SO,, NO,, THC as a function of offgas oxygen concentration at the three different bed
temperatures.

4.2.3 Test Protocol

After completion of the shakedown test runs, the matrix of test parameters were demonstrated
using the following protocol:
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The FBR bed media provides a significant thermal mass such that waste feed can be initiated each
morning after the process has been shut down overnight. The fluidization air was set at a
predetermined rate based on the appropriate fluidization velocity determined from the cold flow
fluidization tests. The waste feed was initiated and the rate adjusted to provide an oxygen
concentration in the offgas of approximately 5.5 volume percent. The bed cooling water rate was
adjusted to control the bed temperature at the desired set point. Once steady state has been
achieved, the system will be allowed to run for at least one hour to record offgas concentrations
of specific parameters at the test conditions.

After data was collected at the lowest offgas oxygen concentration, the waste feed rate was
decreased while the huidizing air rate remained constant. The waste feed rate was decreased until
the offgas oxygen concentration was approximately 7.0 volume percent. The cooling water feed
rate to the bed was decreased as required to maintain a constant bed temperature. The process
was allowed o stabilize at these conditions for approximately 30 minutes. After the process had
stabilized, offgas emission sampling was initiated. Samples were taken for total metals,
HCV/CI1,/HCN, volatile organics, semivolatile organics, and dioxin/furans. Sampling was
performed at the baghouse outlet, near the location where gas was sampled to the CEMS. The
sampling procedures follow the guidelines of EPA Method 0030 for volatiles (SW846, Third
Edition, November 1986) and Method 0010 for semivolatiles, dioxins, and furans (SW846, Third
Edition, November 1986).

Once the emission sampling requirements were completed, the waste feed rate was further
reduced until the offgas oxygen concentration was approximately 9.0 volume percent. The
cooling water feed rate was again reduced to maintain a constant bed temperature. The process
was allowed to stabilize at the new conditions for approximately 30 minutes and then operate for
a minimum of one hour to collect data regarding selected offgas concentrations.

At the end of the test run, a composite sample of the bed media was taken by collecting grab
samples from the bottom and top of the bed and combining together. The bed sample taken each
day was analyzed for particle size distribution, bulk density and total metals.

After the bed sample was taken, the waste feed, cooling water and fluidizing air were
discontinued. The large, hot mass of bed media cooled slowly overnight so that the system could
be quickly started up the next morning. The bed temperature dropped approximately 160°C
(320°F) overnight.

Test products collected during all runs were weighed and saved as individual samples. Selected
samples, or composites of selected samples were identified for analysis.

This protocol was repeated three times at the three test bed temperatures. When the final test was
complete and the bed had cooled down to a temperature that allowed the bed material to be safely
handled, the bed was removed, blended and a sample taken and analyzed for particle size distribution,
bulk density and total metals.
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5.0 PILOT TEST RESULTS

5.1 PROCESS OPERATING DATA

Pressures, temperatures and flow rates were measured during the pilot testing as indicated in
Table 4-1. The resulting data were evaluated to determine average values for each parameter of
interest for each test case. The resulting average values for process parameters associated with
each test case are summarized in Table 5-1. Photographs of the process equipment and lab notes
associated with operation of the pilot system are included in the Annexes.

5.1.1 Waste Feed Rates and Thermal Duty

The average waste feed rate to the FBR during the testing was approximately 10 kg/h (22 Ib/h)
corresponding to an average thermal duty of approximately 0.21 GJ/h (200,000 Btu/h). The
residence time of the combustion gas in the FBR was approximately 3.5 seconds in all nine test
cases.

There were no significant problems associated with the pneumatic transfer of the waste material
into the FBR. The discharge from the screw feeder into the transfer line plugged once on the last
day of testing. The plug was caused by a large paint chip. The full scale process will have a much
larger transfer line. Therefore, plugging by large paint chips is expected to be of little concern.
The waste to air ratio in the transfer line during the testing was 3.3 kg waste per kg of air or 3.7
kg of waste per m® of air (0.23 Ib waste per ft air).

5.1.2 Bed Velocity

The bed inlet gas velocity (calculated at bed temperature and bed inlet pressure) was maintained
at approximately 0.85 m/s (2.8 ft/s) in the first two days of test runs. The bed inlet velocity was
increased to approximately 0.98 m/s (3.3 ft/s) on the final day of testing. Both of these values are
higher than the optimum fluidization velocity (0.76 m/s) measured during the cold flow
fluidization study for the silica bed media as described in Section 3.2.

No problems were experienced during the first two days of operation, however, during the third
day of operation, visible grains of bed media were observed in the cyclone ash. Carryover of the
bed media indicates the bed velocity was excessive during the third day of testing. Therefore, if a
similar silica media is used in the full scale process, the process should be operated at a bed
velocity of approximately 0.85 m/s (2.8 ft/s).

£.1.3 Bed Temperature

Bed temperatures were measured at several locations as noted in Section 4.0. All thermocouples
measuring bed temperature were indicating very similar temperatures during the first two days of
testing indicating effective fluidization. Approximately half-way through the last day of testing,
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the temperatures being measured in the bed began to slowly diverge. A possible cause is bed
agglomeration resulting in a decrease in effective fluidization.

5.1.4 Baghouse Operation

One of the purposes of the testing was to measure the effect of bed temperature on the emissions
of metals from the process. The primary process component for controlling metals emissions was
a baghouse equipped with fiberglass felt (Hyglas) bags. Metal emissions from a baghouse can be
impacted by changes in gas temperature at the inlet to the baghouse. The impact on metal
emissions is caused bv changes in metal volatility with changes in temperature (i.e., increased
temperature will increase volatility). Therefore the temperature of the combustion gas entering
the baghouse was controlled at a relatively constant value of 184°C (363°F) during the testing.
This temperature is representative of typical baghouse operation.

In addition, the air-to-cloth ratio across the baghouse was maintained at approximately 0.5 m/min
(1.6 fi/min). Baghouses are typically operated at air-to-cloth ratios of 0.3 to 1.5 m/min (1 to 5
ft/min).

The baghouse pressure drop never increased significantly due to a relatively low dust loading in
the offgas stream. The baghouse did not require pulsing during each day of operation. The
baghouse was pulsed at the end of each day to collect a sample of baghouse dust that had been
collected. This indicates that a similarly designed and operated system may only have to be pulsed
at the end of each day of operation. If a waste with a higher ash content (i.e., BS0 waste) is
processed, the ash loading would increase and baghouse pulsing may be required on a more
frequent basis.

5.1.5 Ash Recovery

Table 5-2 presents a summary of the ash recoveries measured during the testing. The mass of ash
fed to the process during each test was calculated by multiplying the ash concentration in the
waste feed (4.01 mass percent) by the total mass of waste material fed during the test. Ash
recoveries were in excess of 100 percent based on comparing the total mass of ash recovered
from the cyclone and baghouse to the calculated mass of ash in the waste feed. Ash recoveries in
excess of 100 percent are a result of bed carryover.

A silicon balance was conducted on the cyclone ash by comparing the silicon compositions of the
cyclone ash and the ash from muffle roasting of the composite waste sample. The estimated bed
carryover from the silicon balance confirmed the visible increase in bed carryover noted in the
third day of testing.

Deleting the bed carryover from the ash balance reveals ash recoveries of less than 85 mass

percent. This implies that ash accumulated in the bed media. Observations of the bed media
removed from the FBR after testing revealed that the silica media was discolored, apparently due
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to ash material agglomerating to the silica media. Pictures of the before and after silica media are
presented in Appendix D.

Comparing the mass of ash captured by the cyclone with the total ash captured allows
determination of the collection efficiency of the cyclone. The collection efficiency of the cyclone
was determined to average 97 percent during the testing.

5.1.6 Bed Media Characterization

Characterization of the starting silica bed material included size distribution, bulk density, and total
metals analysis. The results of these analyses are presented in Tables 5-3 and 5-4 for comparison with
subsequent samples taken after each pilot test run. The results show that 100 mass percent of the
sample is sized within the range of 850 to 212 um (20 by 65 mesh), and the mean particle size of the
starting bed was between 490 and 520 pm. Traces of iron, aluminum, sulfates, and carbonates were
found in the silica bed media. Lesser concentrations of other metals were also detected.

Samples of the bed media were taken at various times during the testing to determine if the
characteristics of the bed were changing with time. Table 5-3 presents a summary of the particle
size distribution measured for these samples. These results indicate a trend of increasing particle
size from the start of the testing to the end. Visual inspection of the final bed revealed some
particles as large as 2 cm (0.8 inches) in diameter.

Total metals analyses were conducted on these same bed media samples. Table 5-4 presents the
results of these analyses. Concentrations of chromium, barium, lead, aluminium, calcium, iron,
magnesium, potassium, sodium and zinc increased significantly as the testing progressed
compared to the starting concentration of these metals in the bed media. Comparing the increase
in bed metals concentration with the metals concentrations in the starting waste ("Bed/Waste
Metal Ratio" in Table 5-4) provides an indication of the tendency of each metal to remain in the
bed. This evaluation indicates that the bed media concentrations of phosphorus, potassium and
sodium increased in greater proportions than other metals present in the waste feed. These three
metals are known to agglomerate in silica based beds (see reference in Annex).

The increase in metals concentration in the bed media in conjunction with the increase in particle
size, and visual observations of the bed media confirms that the bed media was agglomerating
with waste ash during the testing. Since these increases occurred throughout the testing, it is
concluded that agglomeration was occurring at all test conditions, not just at the higher
temperatures. The bed agglomeration could have effected the fluidization characteristics and
caused the bed temperatures measured at various points in the bed to diverge as was noted in
Section 5.1.3. :

Bed modifiers are often added to fluid bed systems when agglomeration is anticipated to occur.

Bed modifiers alter the eutectic temperature for the silica and alkaline metal combinations. Kaolin
clay is a frequently used modifier (see the reference material in Annex). These results indicate
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that the full-scale process for incineration of the PMB waste must be equipped with the capability
of adding a bed modifier, such as kaolin clay, to prevent or minimize agglomeration of the silica
bed.

5.2 CONTINUOUS EMISSION MONITORING RESULTS

The offgas from the process (outlet of the baghouse) was monitored continuously for O,, CO,, CO,
NO,, SO, and THC. The last four are criteria pollutants that could impact the permitting of a full-
scale process. The nine test cases were designed to evaluate the effect of bed temperature and offgas
0, concentration on offgas concentrations of these four criteria pollutants. The results for each of
these pollutants are summarized in Table 5-5. '

5.2.1 Carbon Monoxide and Total Hydrocarbons

CO and THC are typically used as indicators of effective combustion in incineration systems. The
regulatory limit for CO for incineration systems (40 CFR 264, Subpart O) is 100 ppm (dry volume,
corrected to 7 volume percent oxygen) on a 60 minute rolling average basis (i.e., arithmetic average
of the 60 most recent one minute averages). Under the boiler and industrial furnace (BIF) regulations
(40 CFR 266), comuustion systems processing hazardous waste as fuel or raw materials must meet
the same 100 ppm CO limit or an alternative 20 ppm THC limit. The THC limit is evaluated on the
same basis as CO (i.e., dry volume, corrected to 7 volume percent oxygen, 60 minute rolling
average). Well designed and operated incineration systems can typically maintain CO and THC
concentrations well below these values.

Combustion efficiency in incineration systems typically increases with increasing combustion
temperature or increasing O, concentration in the combustion chamber. The results from the pilot
testing were consistent with this statement. Figure 5-1 presents a graphical representation of the CO
concentrations in the offgas from the FBR pilot process as a function of bed temperature and offgas
O, concentration. All test cases at the lower O, concentration (i.e., approximately 3.5 volume
percent) exhibited average offgas CO concentrations in excess of the 100 ppm regulatory limit. All
the other test cases were in compliance with the 100 ppm CO limit. However, the data indicate that
the process should be operated at bed temperatures in excess of 800°C (1,472°F) and offgas oxygen
concentrations in excess of 7 volume percent to maintain a sufficient differential between the
measured offgas CO and the regulatory limit.

The THC monitor was not functional during the second day of testing (test cases at a bed temperature
of 877°C). The THC results from the other two days of testing exhibited the same trend as the offgas
CO concentration. All test cases except for Case 1A (bed temperature of 779°C and offgas oxygen
concentration of 5.7 volume percent) exhibited THC concentrations well below the 20 ppm BIF
alternative regulatory limit.

5.2.2 Oxides of Nitrogen
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Emissions of NO, from combustion systems are generated from two sources; 1) nitrogen in the air
(thermal NO,) or 2) nitrogen in the fuel or waste (fuel NO,). Thermal NO, formation is primarily a
function of the combustion chamber temperature. Generation of fuel NO, is a function of the
combustion chamber temperature, the nitrogen concentration in the fuel or waste, and the oxygen
concentration in the offgas.

The Type II plastic has a significant organic nitrogen content (21 mass percent for B48 PMB waste
from Table 3-3) compared to the Type V plastic (0.6 mass percent for B70 PMB waste) that can be
a source of fuel NO,. Therefore, contributions from both sources of NO, described above will
combine to determine the offgas NO, concentration while burning any waste containing Type I
plastic blasting media. When burning PMB waste that contains only Type V plastic, NO,
concentrations in the offgas would primarily be thermal NO,.

Prior to initiating waste feed during each day of the testing, propane was fed to the bed to increase
bed temperature. The offgas concentrations recorded during these periods provide an estimate of the
concentrations that may be expected when burning wastes that contain little or no organic nitrogen.
The data from these periods of operation is as follows:

Test Run .- #1 #3

Bed Temperature (°C) 747 761
NO, (ppm) 152 324
SO, (ppm) 14 26
Offgas O, (vol %) 11.2 84

Comparing the daily startup and measured NO, concentrations provides an indication of the relative
impact of fuel NO, compared to thermal NO, for the waste mixture processed in the pilot test cases.
Any PMB wastes processed that contained more organic nitrogen would likely exhibit higher
concentrations of NO, in the offgas at the same combustion temperature and offgas oxygen
concentration assuming the nitrogen present in the waste is part of a similar structural group.

Since NO, measurements include all oxides of nitrogen, it is expected that increased oxygen
concentrations would increase the offgas NO, concentration due to the higher availability of oxygen
to combine with the organic nitrogen released during combustion. The results in Table 5-5 confirm
this expectation. It was further expected that increased combustion temperature would increase the
rate of conversion of nitrogen to the various oxides and therefore result in higher offgas NO,
concentrations. This expectation was also verified by the testing as shown in Table 5-5. Figure 5-2
presents a graphical representation of the NO, results.

The nitrogen contained in the offgas NO, represents an effective conversion of waste nitrogen ranging
from 2.5 to 3.8 mass percent. The actual conversion of fuel nitrogen to NO, ranged from
approximately 1.2 to 3.0 mass percent if the apparent thermal NO, component is omitted from the
conversion calculation.
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5.2.3 Sulfur Dioxide

One of the offgas components resulting from the sulfur in the waste is SO,. Unlike NO,,
concentrations of SO, decreased with increasing oxygen content in the offgas. This was likely caused
by the increased oxidative state forcing the sulfur from the lower state of oxidation (SO,) to a higher
state (SO, or SO,) thereby reducing the SO, concentration in the offgas. Increased bed temperature
caused an increase in the offgas concentration of SO,. Results of SO, monitoring during the testing
are presented in Table 5-5.

The SO, concentrations measured in the offgas represented sulfur conversions ranging from 27 to 114
mass percent of the measured sulfur content of the waste feed. In addition, significant sulfur recovery
was measured in the sulfate concentration of the process residuals (see Section 5.4). These results
indicate a small degree of inaccuracy in either the measurement of the sulfur content of the feed or
the measurement of the SO, concentration in the offgas.

5.3 EMISSION SAMPLING RESULTS

EETAR R I e A A

Stack sampling trains were utilized to measure the offgas concentrations of the followihg:

Volatile organics

Semivolatile organics

Dioxins and furans

Particulates

Metals

Hydrogen chloride/chlorine (HCVCL,)

Hydrogen Cyanide (HCN).

Volatile organic emissions were measured using an EPA Method 0030 volatile organic sampling train
"VOST). The semivolatile organics and dioxin and furans were measured using a EPA Method 0010
sampling train. The extract from the XAD resin tube from the Method 0010 sampling train was split
for these separate analyses. Metal emissions were measured using a Multiple Metals sampling train.
Emissions of HCVC, and cyanide were measured with a Modified Method 0050 sampling train.
Measurements of the particulate emissions were obtained from each sampling train except the VOST.
Figures presenting the configuration of these sampling trains and train analytical results are included
in the Annexes.

Table 5-6 presents a summary of all stack sampling results for each test run. All the results presented
in Table 5-6 are listed as concentrations on a dry basis at standard conditions (20 °C and 1
atmosphere) and corrected to 7 volume percent oxygen. Spreadsheets showing the raw data used
to calculate these stack concentrations are included in the Annexes.
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5.3.1 Volatile Organics

Only five volatile organic compounds were consistently detected in the VOST samples;
chloromethane, acrylonitrile, benzene, toluene, and styrene. These compounds were detected at
relatively low concentrations. There were no significant differences in the measured emissions from
" one test run to the next.

5.3.2 Semivolatile Organics

The semivolatile organic compound found at the highest concentration in the offgas was bis(2-
ethylhexyl)pthalate which is a common product of incomplete combustion (PIC) when burning plastic
materials. There was a general decreasing trend in the measured emissions with increasing bed
temperature for this compound.

5.3.3 Metals

Metal emissions from processes that use a baghouse for controlling metal emissions are typically a
function of the particulate emissions and the concentration of the metals in the particulate. The metal
determined to be in the highest concentration in the baghouse dust was cadmium. This observation
is consistent with the highest metal mass emission rate measured from the pilot test process. The
stack concentration of cadmium increased with increasing bed temperature. The increasing stack
concentration for cadmium coincided with an increasing cadmium concentration in the baghouse dust.
Offgas concentrations of metals with a low volatility (barium, chromium, iron, magnesium, and zinc)
showed an opposite trend of decreasing offgas concentration with increasing bed temperature. This
was due to the dilutional effect of the increasing cadmium concentration in the emitted particulate.

Table 5-7 presents a summary of system removal efficiencies (SRE) measured during the pilot testing.
The average SRE for the three carcinogenic metals detected in the waste feed (arsenic, cadmium, and
chromium) averaged greater than 99.95 percent.

5.3.4 Particulates

The pilot testing was conducted with new bags. The particulate loading on the bags was so low that
the measurable baghouse pressure drop never increased during testing (i.e., a significant dust cake
did not form). Therefore, offgas particulate concentrations measured during the pilot scale testing
are likely to be conservative. The offgas concentrations of particulate averaged 18,208 Mg/m’
(0.0079 graing/ft%), corrected to 7 volume percent oxygen. These concentrations are at standard
conditions of 20°C and 1 atmosphere. : '

The bags used in the pilot test were new bags which allow more fine particulate to penetrate and pass

through. After several hours of use, some of the larger interstitial channels in the cloth will fill and
minimize particulate pass through. The dust loading to the baghouse during the pilot tests was low,
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therefore preventing the formation of a dust cake. A dust cake enhances the particulate removal
capability of a baghouse by adding additional resistance to particulate penetration. Therefore, the
particulate and metals emissions measured during the pilot test runs were probably conservative
compared to performance in a full scale system with seasoned bags.

5.3.5 Dioxins and Furans

Offgas concentrations of dioxins and furans ranged from 6.5 to 40.2 ng/m’ (dry basis, 1 atm, 20°C,
corrected to 7 volume percent oxygen) expressed as total dioxins and furans and 0.14 to 0.64 ng/m’
(dry basis, 1 atm, 20 °C, corrected to 7 volume percent oxygen) expressed as
tetrachlorodibenzo(para)dioxin (TCDD) equivalent.

Studies conducted by the EPA have shown that increased residence time of combustion offgases at
a temperature between 232 and 454°C (450 and 850°F) correspond to increased emissions of dioxin
and furans (USEPA, "Municipal Waste Combustion Study: Combustion Control of Organic
Emissions", EPA/530-SW-87-021C, NTIS Order No. PB87-206090). The Hazen pilot process was
equipped with an uninsulated cyclone separator and water cooled heat exchanger that slowly cooled
the offgas through the temperature range optimum for dioxin and furan formation. A full scale
process could be designed with an insulated cyclone to maintain the offgas temperature above 454°C
(850°F) prior to entering a partial quench. The partial quench would rapidly cool the combustion
gases to a temperature less than 232°C (450°F) thereby minimizing the residence time the combustion
gases are maintained at the optimum temperature for dioxin and furan formation. Therefore, it is
expected that the offgas concentration of dioxin and furans from a full scale process would be lower
than those measured in this pilot test.

5.3.6 Hydrogen Chloride/Chlorine

Emissions of chlorides as HCVCl, averaged approximately 55,000 Mg/dscm which was equivalent
to 0.004 kg/h (0.01 Ib/h). Approximately 20 mass percent of the total chlorine/chloride in the waste
feed was captured in the cyclone and baghouse dust likely as metal chlorides. The predicted
emissions of HCVC,, assuming the remaining chlorine/chloride in the waste feed is emitted as
HCV/C,, would be 0.003 kg/h (0.007 Ib/h) which is similar to the measured value.

5.3.7 Hydrogen Cyanide

The organic nitrogen content of the plastic media provides the potential for generation of hydrogen
cyanide (HCN). Combustion of plastics containing organic nitrogen may produce measurable
quantities of HCN, particularly at temperatures less than 760°C (1,400°F). The pilot test results
indicate HCN was generated in all three test runs and that the emissions decreased significantly with
increasing bed temperature. '

5.3.8 Comparison With Regulatory Limits
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To minimize emissions, a full-scale process would likely be operated at conditions more similar to
those demonstrated in Pilot Test Run #2. Table 5-8 presents a summary of the projected emissions
from a full-scale process operating at a nominal capacity of 227 kg/h (500 Ib/h). The projected
emissions were calculated by scaling up the emissions from Pilot Test Run #2. The projected
emissions are compared to current and potential regulatory limits in Table 5-8.

Regulatory limits listed as having the Boiler and Industrial Furnace (BIF) regulations or the State of
Utah Air Toxics Policy (Utah) as their source were obtained by dividing the applicable ambient air
standard from the regulations by a site specific dispersion factor. The site specific dispersion factor
was calculated as a maximum annual average using the Industrial Source Complex Short Term
(ISCST2). Assumptions used in the modeling included:

Noncomplex, rural terrain
Stack height of 9.14 m

Stack diameter of 0.38 m

Stack exit temperature of 182°C
Stack exit velocity of 18 m/s
No building downwash.

Projected emiss:ons of metals and volatile and semivolatile organics are orders of magnitude less than
the potential standards.

Particulate emissions are an order of magnitude less than the current regulatory limit for incinerators
of 185,300 Mg/m® (0.08 grains/dscf, corrected to 7 volume percent oxygen) imposed under 40 CFR
264, Subpart O. The EPA is currently considering lowering the particulate emission limit to a much
more stringent value of 11,581 Mg/m® (0.005 grains/dscf, corrected to 7 volume percent oxygen).
The pilot test data indicates that a process equipped with a baghouse alone for particulate control may
require a wet electrostatic precipitator (WESP) to meet the potential limit, if imposed. As was
discussed in Article 5.3.4, the actual particulate emissions would likely be less than those measured
during the pilot test after the bags in the baghouse have been conditioned. Therefore, a process
equipped with a baghouse may meet the regulatory standard for particulate without additional
equipment, even if the more stringent limit were imposed.

The only EPA regulatory standard associated with emissions of dioxins and furans is the 6-nines
Destruction and Removal Efficiency (DRE) imposed on facilities that process dioxin containing waste
(40 CFR 264, Subpart O). This limit is only applicable when processing dioxin containing wastes
(RCRA listed hazardous wastes labeled with an F020, F021, F022, F023, F026, or F027 waste code)
and the PMB waste is not a dioxin containing waste. However, the EPA is currently considering
imposing stack gas concentration limits on emissions of these compounds. Limits being considered
are 5.4 t0 9.7 ng/m’ (dry basis, 1 atm, 20°C, corrected to 7 volume percent oxygen) for total dioxin
and furans and 0.12 to 0.17 ng/m® (dry basis, 1 atm, 20°C, corrected to 7 volume percent oxygen)
expressed as TCDD equivalents. Total (Dioxin and Furan) and TCDD equivalent data from the two
test runs at higher bed temperatures were essentially identical to these anticipated limits. As was
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discussed in Article 5.3.5, the full-scale process is likely to have lower emissions of dioxins and furans
with minor design modifications.

The estimated HCVC, emission rate from a 227 kg/h full scale unit based on the pilot test data is 0.1
kg/h (0.23 Ib/h). The current regulatory limit for emissions of HCl is less than 1.82 kg/h (4.0 Ib/h)
or greater than 99 percent removal (40 CFR 264, Subpart O). Therefore, the pilot test data indicates
the full scale process would comply with the current regulatory limit for emissions of HCI.

Projected emissions of HCN from a full scale unit processing waste at 227 kg/h are well below the
allowable levels calculated using the Reference Air Concentration from the BIF regulations.

5.4 RESIDUALS CHARACTERIZATION

The two primary residuals resulting from combustion of the PMB waste in the FBR are ash collected
in the cyclone and baghouse. Table 5-2 presented ash recoveries from the pilot scale testing. The
majority of the ash (greater than 97 mass percent) was collected in the cyclone. Samples of both the
cyclone and baghouse ash were collected from each test run and analyzed for particle size
distribution, bulk density, and metals content.

A summary of the particle size analyses using a dry screen analysis is presented in Table 5-9. These
results indicate the mean particle size of the ash captured in the cyclone (65 to 100 pm) is less than
the mean particle size of the ash captured in the baghouse (135 to 170 um).

The mean particle size of the baghouse catch was expected to be smaller than that of the cyclone
catch. Therefore, the particle size distribution data in Table 5-9 is suspect. The particle size
distribution of samples of the minus 150 pm fractions of the cyclone and baghouse catch were
measured using an alternative technique known as a Bahco analysis. The Bahco analysis is performed
with a microparticle classifier that segregates particles in terminal velocity ranges. These terminal
velocity ranges are then converted to equivalent particle sizes using Stokes law.

Table 5-10 presents a summary of the particle size analysis for a representative sample of the cyclone
and baghouse catch using the Bahco analysis. These results indicate a much smaller mean particle
size for the baghouse sample than those reported in Table 5-9 from the dry screen analysis. The
larger particle size for the baghouse catch using the dry screen analysis could be attributed to particle
clumping and screen blinding. Results from the Bahco analysis are included in the Annexes.

The smaller particle size for the baghouse ash resulted in a lower bulk density for the baghouse ash
(0.4 g/cm®, packed) compared to the cyclone ash (1.47 g/cm®, packed excluding Test #3). The
particle size analyses in Table 5-9 for the cyclone catch also reflects the bed carryover that was visible
in the cyclone ash from Test #3.




A summary of the metals analyses for the cyclone and baghouse ash samples is presented in Table 5-
11. The metals concentrations in the starting waste and muffle roasted ash from pre-pilot test
activities have been included in Table 5-11 for reference.

Metals that are typically considered to be volatile metals include mercury, cadmium, lead, potassium,
and sodium. The results consistently demonstrate that the concentration of these metals are higher
in the baghouse ash than the cyclone ash. This is caused by condensation of the volatilized metals
onto the smaller particles that are captured in the baghouse. The increased concentration of volatile
metals in the baghouse dust causes a dilutional effect on metals considered to be nonvolatile, such as
aluminum, barium, calcium, chromium, iron and magnesium. Therefore, concentrations of these
nonvolatile metals tend to be lower in the baghouse dust than in the cyclone ash. This was not true
for Test Run #3 where the concentrations of metals in the cyclone ash were diluted by the bed
carryover.

Table 5-12 presents the ratio of ash concentrations for the baghouse and cyclone ash for all three
tests. The data in Table 5-12 has been organized in decreasing order of the average ratios. Metal
chlorides are typically much more volatile than metal oxides or the pure metal which would account
for the highest ratio being determined for the chloride anion. The ratios calculated for Test Run #3
are much higher than the ratios for the other two test runs reflecting the effect of the bed carryover.

The silicon content of the cyclone ash compared to the ash from the muffle roasted waste again
confirms that bed carryover was occurring in all three test runs. The increased silicon concentration
of the cyclone ash from Test Run #3 is an additional confirmation of the increased bed carryover
observed in that test run.

The sulfate concentrations measured in the residuals indicate a tendency to accumulate in the smaller
particles (baghouse dust). The mass of sulfur recovered in the residuals represented an average of
12 mass percent of the sulfur in the starting waste. The recovery of sulfur in the residuals decreased
with increasing bed temperature (i.e., Test Run #1 - 16 mass percent, Test Run #2 - 12 mass percent,
~ Test Run #3 - 9 mass percent).
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6.0 STABILIZATION TEST RESULTS

6.1 INTRODUCTION

The starting waste was RCRA characteristically hazardous due to leachability of metals. These
same metals are present in the ash from the fluid bed combustion process at much higher
concentrations due to volume reduction of the PMB waste. Therefore, the ash resulting from the
combustion process remains a characteristically hazardous waste, but in a significantly smaller
volume of material (approximately 95 percent less volume). The resulting ash must be managed
in some manner.

One alternative is land disposal. However, prior to land disposal the ash must be treated to
remove the characteristic hazard. Stabilization is the technology required by 40 CFR 268 (Land
Ban) for treatment of materials that are hazardous due to the leachability of metals. Therefore,
one of the objectives of the pilot test was to prepare a representative sample of the ash from the
combustion process and conduct stabilization tests to determine if the characteristic hazard of
metal leachability can be removed.

Stabilization requires addition of materials such that the mass of material finally requiring disposal
could be signiicandy greater than the starting quantity of ash. The cost of these additives and
cost for disposal of the resulting mass of stabilized materials may necessitate a more detailed
stabilization test that would more precisely identify the optimum mix that minimizes the cost of
additives and final mass of materials requiring disposal. The purpose of the stabilization tests in
this work was to determine if the ash could be stabilized.

6.2 ASH COMPOSITE SAMPLE

There were two primary residuals resulting from the fluid bed combustion process; cyclone ash
and baghouse dust. Characterizations of these two residuals were presented in Section 5.0 of this
report. The cyclone ash represented approximately 96 weight percent of the total mass of
material from these two residual streams. An ash composite sample was generated for
stabilization testing from the cyclone ash and baghouse dust collected during the three pilot test
runs. Table 6-1 presents a summary of the weight percent of each residual stream from the pilot
test used to form the ash composite sample for stabilization testing.

6.3 STABILIZATION TEST RESULTS

An aliquot of the ash composite sample was analyzed using the Toxicity Characteristic Leaching
Procedure (TCLP) test to identify the baseline leachability of the metals contained in the sample.
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Results from the TCLP test of the ash composite sample are presented in Table 6-2. The results
indicate that the ash composite sample fails to comply with the TCLP limit for cadmium and
chromium. Although barium and lead were present in the ash composite at significant
concentrations, analysis of the leachate from the TCLP test indicated these two metals were in a
stabilized form.

Aliquots of the ash composite sample were mixed with various media typically used to stabilize
metals. The three media used were fly ash, Type II Portland cement and blast furnace slag.
Samples of the fly ash and blast furnace slag used as stabilizing agents were analyzed for major
and trace metals using an x-ray fluorescence spectographic scan. The results of this scan are
summarized in Table 6-3 for reference. '

A total of six mixtures were made and blended with water to form a slurry. Each slurry was
poured into a mold and allowed to cure for approximately 8 days. After curing, each compact
was analyzed using the TCLP test. Table 6-2 presents the composition of each compact and the
resulting TCLP analysis.

The results indicate that Type II Portland cement alone reduces chromium leachability, has little
effect on the leachability of cadmium, and significantly increases the leachability of lead (Compact
#1). Addition of fly ash to the mixture stabilizes cadmium and lead but increases the leachability
of chromium (Compact #2). Addition of sodium sulfide (Na,S) with smaller quantities of Type II
Portland cement and fly ash produced a compact that passed all of the TCLP leaching criteria
(Compact #3). The final three compacts contained Type II Portland cement and ground blast
furnace slag at varying mixtures. All three of these compacts passed the TCLP leaching criteria.
The lowest bulking factor for a compact passing the TCLP leaching criteria was approximately
1.8 grams of mixture per gram of ash.
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7.0 DESIGN AND OPERATIONAL CONSIDERATIONS

7.1 WASTE PROFILE

The PMB waste generated at Hill Air Force Base (HAFB) and other facilities are currently being
disposed of at USPCI by stabilization and landfilling at a cost of $1.08/kg ($980/ton). A
cost/benefit evaluation of the proposed fluid bed combustion process compared to current waste
management practices would be impacted heavily by the profile (quantity and characterization) of
the PMB waste planned for processing. The pilot testing demonstrated that a fluid bed
combustion process is an efficient technology for accomplishing significant volume reduction on
PMB wastes. However, waste streams such as the B50 stream from HAFB would leave
significant residue after combustion that require additional management.

Using the 1993 HAFB PMB waste profile from Table 3-1 as an example, 129 metric tons of PMB

waste would have resulted in approximately 21 metric tons of ash residue (before stabilization)

requiring management (17 metric tons from the B50 waste stream and 4 metric tons from all other
“waste streams).

Therefore, a better definition of the waste profile (characterization and quantity) and summary of
current waste management practices and costs is essential for conducting an effective cost/benefit

evaluation.

7.2 OPERATING FACTOR

The actual capacity of the full scale fluid bed process compared to the design capacity is directly
related to the operating factor. A one shift a day, five days per week operating schedule was
requested for the full scale process. This translates into an operating factor of 0.24 (assuming
maintenance can be conducted on the off shifts). The same process operating 24 hours per day, 7
days per week would have an operating factor of approximately 0.85 (assuming 0.15 for
maintenance and miscellaneous downtime) and could process 3.5 times more waste than the same
process operated only one shift per day, five days per week. The resulting cost per unit mass for
processing the waste decrease by distributing the fixed annual capital cost recovery over a larger
volume of waste being processed. This would result in a decrease of the unit treatment cost by a
factor of approximately 2. Therefore, the requirement for one shift per day operation has a
significant impact on the unit treatment cost and should be reconsidered.

7.3 METAL RECYCLE

Since the ash residues contain significant concentrations of cadmium and lead, recycle for metal
recovery was considered as an alternative for management of the ash residues. Three companies
in the business of recycling metals are Horsehead Resource Development Company (HRDC),
Inmetco, and Encycle. Recycling facilities operated by these three companies have minimum
limits for concentrations of specific metals in the wastes that they can receive for metal recycle.
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Of these three companies, Encycle was the only company with minimum feed metal concentration
limitations low enough to accept the ash from the fluid bed combustion process as a material for
recycle. The cost for managing the ash through the recycling process was quoted at $200 per
drum or $500 per metric ton if delivered in bulk. The contact for Encycle was Jeff Cohen at
(404) 350 - 0216.
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8.0 CONCLUSIONS
Specific conclusions that can be stated as a result of the pilot test activities include:

The annual mass of PMB waste generated at Hill Air Force Base (HAFB) is approximately 123
metric tons (142 tons).

The Type II plastic blasting media has a significant organic nitrogen content (approximately 21
mass percent).

The B48 and B70 PMB waste streams have ash contents of approximately 2.5 and 6.7 mass
percent, respectively.

The B50 waste stream contains inert material (garnet and ash) at a concentration of approximately
65 mass percent. ’

A bed fluidizing air velocity of approximately 0.75 m/s (2.5 ft/s) was determined to be optimum
using silica as a bed media. A fluidizing velocity of 0.85 m/s was used successfully in the pilot
tests with silica as the bed media.

The combined residence time for the combustion gas in the fluid bed and freeboard should be a
minimum of 3.5 seconds.

Total ash recovery was approximately 81 mass percent. The remainder of the ash was retained in
the bed by agglomerating to the bed media. Use of a bed modifier (Kaolin clay) will be required
to minimize agglomeration of the ash to the bed media.

The cyclone particulate removal efficiency was approximately 97 weight percent.

At a bed fluidizing velocity of 0.85 m/s, approximately 20 mass percent of the ash captured in the
cyclone and baghouse was a result of bed media carryover.

The average particle size of the bed media increased during the pilot test runs due to
agglomeration of the bed media with ash residues from the waste.

Concentrations of phosphorus, sodium and potassium in the bed media increased much more
rapidly than other metals compared to the feed rates of these metals to the system. This also
indicates agglomeration of the bed media.

Offgas concentrations of carbon monoxide and total hydrocarbons decreased with increasing bed
temperature at constant offgas oxygen concentrations. Offgas concentrations of carbon monoxide
and total hydrocarbons decreased with increasing offgas oxygen concentrations at constant bed
temperatures.
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Offgas concentrations of NO, increased with increasing bed temperature at constant offgas
oxygen concentrations. Offgas concentrations of NO, increased with increasing offgas oxygen
concentrations at constant bed temperatures. Concentrations of NO, in the offgas ranged from
416 to 858 ppm by volume.

Conversion of organic nitrogen to NO, averaged approximately 3.3 mass percent.

Offgas concentrations of SO, typically increased with increasing bed temperature at a constant
offgas oxygen concentration. Offgas concentrations of SO, typically decreased with increasing
offgas oxygen concentrations at a constant bed temperature. Offgas concentrations of SO,
ranged from 21 to 90 ppm by volume.

Detectable emissions of hydrogen cyanide were measured during all three pilot test runs. The
offgas concentration of hydrogen cyanide decreased with increasing bed temperature.

Fluid bed combustion processes burning PMB waste should be operated at bed temperatures
between 800 and 900°C and offgas oxygen concentrations greater than 9 percent by volume to
minimize emissions.

The concentration of cadmium in the baghouse dust increased with increasing bed temperature.
As a result, the corresponding emissions of cadmium in the offgas from the baghouse also
increased.

The lowest stack concentration of total tetra through octa dioxins and furans was 6.5 ng/m’
measured at a bed temperature of 877°C and an offgas oxygen concentration of 7 volume percent.
The corresponding tetrachlorodibenzoa(para)dioxin (TCDD) toxic equivalent emission rate was
0.12 ng/m®. These measurements are on a dry basis at 1 atmosphere and 20°C, corrected to 7
volume percent oxygen. These values are essentially equal to proposed regulatory limits that may
be applied to a future full-scale system (EPA Combustion Emission Technology Resource
Document, CETRED). Modifications to the full-scale process design compared to the pilot scale
process should decrease the offgas concentrations of dioxins and furans below those measured in
the pilot test.

Concentrations of particulate in the offgas averaged 18,200 Mg/m?® (0.0079 grains per dry
standard cubic foot) corrected to 7 volume percent oxygen. This value is an order of magnitude
less than the current regulatory limit and essentially equal to the proposed regulatory limit that
may be applied to the future full-scale process (CETRED). Conditioning of the bags and
development of a dust cake on the bags should decrease the particulate emissions from a full-scale
process compared to the pilot test.

System removal efficiencies for metals were greater than 99.9 mass percent for those metals
which were present at concentrations greater than 100 mg/kg in the starting waste. This indicates
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that a full-scale process equipped with a baghouse will be able to meet the metal emission
standards.

Concentrations of cadmium and lead were significantly higher in the baghouse dust than in the
cyclone ash during the pilot test. This data indicates these two metals have higher volatility than

other metals.

The ash residue can be stabilized to meet the regulatory standards for leachability using mixtures
of ash, Type II Portland cement and blast furnace slag.
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PAATWAST w1
a29407

b
Table 3—2. Waste Particle Size Distribution Data
Cumulative Mass Percent Passing
Sieve Size B70 Waste B48 Waste B70/B48 : Bso
mesh |  um Classifier | Baghouse! NO4A NOSB | Composite | Waste

20 | 8o | 998 | ss | g 100 ' 99 | o991
28 | s0 | 997 | g1 9.8 100 : 986 | 989
35 ‘ 425 E 9.5 E 840 97.6 1000 | 940 ' 90.4
8 | a0 | aes | e3s 826 99.4 730 | 840
65 212 ' 194 | 63 66.4 986 55.0 77.8
100 150 5.6 6.0 53.7 9.4 39.6 69.3
150 106 0.8 26.3 4256 89.1 274 } 54.4
200 75 0.1 8.1 29.3 774 ws | 3so
270 53 00 | 24 25.3 61.0 19 | 188
325 . 4 | 00 | 16 12.3 ws 71 | 134
w0 | a8 | o0 | o8 | 69 sir | a3 ! e
Pan | o | o | 0 0 o | 0

Mean Particle Size (um) 320 — 340 170 — 180 130 - 140 47 49 190 - 200 { 90 - 100

Bulk Density (g/cma)

Loose ! 0.62 i 658 | 069 0.68 0.68 i 1.11
Packed | o7 | aso 0.96 084 i 087 | 150
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Table 3—3. PMB Waste Elemental Analysis

ULTIMATE WX1
029407
Fe-l-

Pilot Test Samples

B70 Waste | B48 Waste | B70/B48? BSO P

Analyte (Type V) (Type i) Composite Waste
Moisture 0.67 625 | 315 0.87
Carbon | s6.41 806 | 4754 20.99
Hydrogen | 744 | 601 | 6.48 288
Nitrogen 06 | 210 | 10.7 186
Sulfur | o11 | oos 0.09 0.09
Chioride | o003 | o013 | 008 0.04
Ash | 667 | 254 | 4.01 65.44
Oxygen | o807 | 2593 | 2795 7.87
Heating Value (kJkg) | 25005 | 15747 20,915 8,702
Heating Value (Btu/Ib) ‘! 10,750 ! 6,770 8,992 3,741

Notes:

a) The composite consisted of 53.4 % B48 Waste and 46.6 % B70 Waste by mass.
b) The BSO waste consists primarily of Gamet blended with plastic media.

c) All results are on a wet basis.
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Table 3—4. Metal Content of Waste Samples
Matals Concentration (mg/kg)
B70/B48 Composite 1 B50 Waste
Metal Analyte Waste | WasteAsh® |  Waste | WasteAsh?
RCRA Metals !
Arsenic ! \ 9 | 8 | 7
Beryllium i< 50 \ < so | < 0 | < 50
Cadmium ‘ %8s | 5000 | 85 | 50
Chromium 1,00 | 24450 40 | 550
Antimony 80 “ 325 ;‘ < 50 I < 50
Barium 1250 | 28,700 245 | 320
Lead 320 | 4780 725 | 940
Mercury < 0.1 [ < 0.1 | < 0.1 | 0.1
Silver 4 g ! 1238 | < 2 | 2
Thailium | < 50 RS 50 I < 50 “ 50
—’—Other Parameters l
Aluminum | 370 | 20500 | 74050 | 106,500
Calcium 1000 | 26750 | 5200 | 8,660
Carbon | 475400 | NA | 209900 | NA
Chioride f g0 | NA | awo | NA
Copper E 65 | 1175 | g0 | 120
iron 1680 | 30800 | 165000 | 239,500
Magnesium 245 | 17,900 | 8535 | 12,800
Nicke | < 10 | 130 w0 | 60
Phosphorus | < 0 | 762 | 55 | 803
Potassium ! 40 | 4445 | - a5 i 635
Selenium I < 0.5 \ < 05 i< 0.5 | < 0.5
Silicon ! 730 | 128000 | 8700 | 127,500
Sodium 150 | 1275 | 55 | 430
Suffate NA | 25000 NA ! 1,900
Zinc 790 | 18050 | 590 765
Notes:

a) Waste plastic ash was generated by m
b) NA = Not Analyzed

uffte roasting an aliquot of the waste at 900 °C.
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EXPLODE WK1

m
Table 3—5. Summary of Dust Explosion Test Results
Parameter 1 Tast Result Units

DUST EXPLOSION RISK

Maximum Explosion Pressure i 7.7 bar
Maximum Rate of Pressure Rise \ 434 bar/s
Kst Value ‘i 118 bar-m/s
Minimum Ignition Energy ‘ 100 - 300 mJ
Minimum Ignition Temperature (Dust Cloud) 440 — 460 °C
Minimum Oxygen Concentration \ 12-15 vol %
Minimum Explosible Concentration iw 45 - 50 g/ms
ELECTROSTATIC RISK

Powder Resistivity (44 % relative humidity) \ 42E+11 ochm-m
Powder Resistivity (8 % relative humsdity} \ 1.1E+12 ohm-m
Charge Decay Time (44 % relative humidity) '} 54 s
Charge Decay Time (7 % relative humidity) l 189 s
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w7
Table 5—2. Summary of Pilot Test Ash Recovery
l TestRun | TestRun | TestRun
; #1 #2 \ #3
Test Parameter Units || (9/14/94) | (9/15/94) (9/16/94)

Process Conditions
Bed Inlet Gas Velocity 2 mjs 0.87 i 0.85 i 0.98
Bed Temperature l °C ‘ 778 : 877 t 966
Bed Pressure I, kPa 110 i 110 1 110
Ash Recovery
Total Waste Feed kg !, 93 103 1 108
Total Ash Feed kg 1; 3.729 4.130 4.337
Total Cyclone Ash ' kg 1 3.803 4.070 E §.701
Daily Baghouse Ash kg | 0157 0.124 i 0.114
Cyclone Efficiency b i mass % i 96 97 & 98
Ash Recovery © mass % | 106 102 ! 134
Bed Carryover d kg l‘ 1.04 0.77 “ 2.62
Ash Recovery @ | mass % | 78 g3 | 74
Baghouse Cleanoutf kg ‘-‘ 0.4
Total Ash Recovery 9 i mass % \] 81

Notes:

a) Based on thae fluidizing air flow rate at the bed temperature and pressure.
b) Ash recovered in the cyclone as a percent of the total mass of ash recovered.
¢} Calculated for each test run with no accounting for bed carryover.
d) Bed carryover was calculated by conducting a silicon balance on the ash stream.

e) Calculated for each test run taking into account bed carryover.

f) Dust collected during decommissioning of the baghouse.
g) Calculated for the entire program cansidering baghouse dust collected during cleanout

and calculated bed carryover.

h) Unrecovered ash could likely be found in agglomerated bed particles.
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Table 5—3. Fluid Bed Media Particle Size Distribution Data

22585

Cumulative Weight Parcent Passing

Sieve Size Starting Daily Ending Bed Samples Final
| mesh |  um Bed | 9/14/94 | 9/15/94 | 9/16/94 | Bed
20 | ss0o | wms | g9 | o8 | ses | 993
28 i 600 L %06 } 84.9 ' 825 | 756 1 72.1
3s t 425 ‘ 123 i 17.5 16.0 i 18 J 7.2
8 | a0 | a8 | os | os | o2 : 06
65 | 212 < LY [ 0.1 04 o1 | 02
100 150 | 0@ | 00 0.0 00 ot
150 106 1 0w | o0 0.0 00 | 00
200 | 75 | as | o0 | oo 00 | 00
270 | 53 o6 | o0 | 00 | o0 | oo
sos | s . o0 | 00 00 | 00 1 0.0
400 38 : LY. 1 0.0 0.0 00 | 00
Pan a0 | o0 0.0 00 | 00

Mean Particle Size (um) : 480 -~ 520

Bulk Density (g/cm®)

. Loose I 16 | 15 | 1.4 ! 1.5 1.4
Packed T N T
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Tabie 5—. Summary of Pilot Test Emissions

Pilot Test Run
Compound Units 3 #1 { #2 i #3
Jed Temperature i C 778 ! 877 ; 966
Oftgas Oxygen ! moi % ; 7.1 l 7.0 ll 7.0
Offgas Flow Rate L mOmin 1.37 ? 1.40 l 1.37
Volatile Organics
Chioromethane ' ug/m3 42 1 19 | 23
Acrylonitnie ! ;.lg/r-n3 i 43 11 i ND
Benzene | pg/m3 274 ! 160 212
Toluene ; ug/m3 17 ‘ 8 S
Styrene | ug/m3 { 6 . 4 ! 2
Semivolatile Organics
Phenol L ugm® { 63 81 | © 36
Napthalene : yg/m3 J‘ 65 ! 380 ! 46
Dl—n—butylph'maiate ' ;.lg/r'n3 ‘ 54 ' 2 x 4
bis(2 - Ethylhexyl) phthalate ugim? | 5,489 5,041 ! 3792
Metals
Barnum pg/m3 ! 348 l 286 { 167
Lead L ugmd 510 ; 235 l 438
Arsenic : ug/m3 : 48 i 2 ! 2
Cadmium pgmd 1,107 ‘ 1,864 i 2,729
Chromium ‘ pgm3 ! 125 ' 96 1 53
Iron C ugmd a7e ‘ 160 | 104
Potassium ‘ ugjm3 * 224 70 | 93
Sodium | ugmd 418 ; 1,946 1 250
Zinc | pgmd 1,182 1 140 i 128
Miscellaneous Emissions
particulate I L 18067 | 1ra72
Houcl, | ugm® 53,799 < 57.011 ‘ 54,965
Cyanides T 1 1.020 164 i a7
Total PCOD/PCOF i ngmd | 40.2 ' 6.5 ‘ 8.8
TCOD Equivatent ¢ C ngm? 0.64 0.12 014
Notes:

a) Dry basts at standard conditions of 20°C (68°F) and ! atmasphere. Concentrations have been corrected to
7 volume percent oxygen.

b) Based on total chloride content of impinger solutions. Not differentiated for HCl and Cla.

¢) Based on USEPA 1989 toxicity equivalents factors.
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Table 5—7. Summary of System Removal Efficiencies for Metals

029407
23RS

I

Minimum System Removal Efficiency a

| Concentration of Test Tast Test
} Metal in Feed Run #1 Run #2 Run #3
Metai i (mg/kg) (%) (%) (%)
NONCARCINOGENIC METALS
Antimony | 80 | > 9903184 99.3218 > 99.4042
Barium : 1,250 ‘ 99.9876 99.9882 > 99.9906
Lead :L 320 | 99,9488 99.9561 99.9517
Silver | 8 99.3257 993278 | 99.4079
CARCINOGENIC METALS
Arsenic | 2 99.6237 99.9354 | > 99.9418
Cadmium : 985 99.9738 99.9621 i 99.9521
Chromium | 1,100 i 99.9887 99.9890 | > 99.9908
OTHER METALS
Aluminum ! 3,750 l 99.9845 99.9839 | > 99.9866
Calcium : 1,000 \1 99.9841 99.9800 \ > 99.9906
Copper ; 65 ‘ 99.8309 998321 | > 998513
Iron j 1,680 ‘l 99.9872 99.9922 ‘ > 999935
Magnesium ' 245 11 99.9498 99.9502 | > 99.9569
Potassium i 40 ‘ 99.6876 99.7076 > 99.7331
Sodium ‘ 150 99.8883 99.8952 99.9032
Zinc i 790 _ 99.9676 99.9838 99.9858
Notes:
a) Caicuiated assuming nondetect values are present at the analytical detection limits. Therefore,

reported SRE's are minimum values.
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Table 5—-8. Comparison of Projected Full-Scale Emissions to Regulatory Limits
Regulatory Limits
Projected 2 Current Potential

Compound Units | Emissions value © Source Vaiue © i Source
Vofatile Organics
Chicromethane | gn | o4 NA [ 2am | aF
Acrytontriia - 1 g/h : 0.024 NA | 125 ’ BIF
Benzene | g/h 5 0.343 NA l 1.000 ‘ Utah
Toluene I am l 0.017 NA i 250000 1 BIF
Semivolatile Organics
Phenol | oan 0.175 NA | 2s.000 { BIF
Napthalene 1 g/n }1 0.819 NA i 83 | BF
Di-n—butylphthaiate I gh | 0.004 NA | are67 | Utan
bis(2 - Ethylhexy!)phthaiate 5 g/h ! 10.8 NA | 13,917 1 Utah
Metais
garium | am | oom 41,667 BF . a1es7 | BF
Lewd T 0.068 75 BIF | 75 1 BIF
Arsenic | g/h 'i 0.301 1.9 BIF E 1.9 ! BIF
Cadmium L gn | ez a7 gF | a7 | BF
Chromium | gn | oos o7 | BF | o7 | ®F
Misceilaneous Emissions
Particulate © | ugmd | ieoe7 185,300 AcRA | 1188t | CETRED
HCI/Cl, @ | gn | 113s 1,816 RCRA | 13 | BF
Cyanides L ogm i 0.314 NA 16667 | BIF
Total PCDD/PCDF © | ngm3 | 6.5 NA | s4-97 | CETRED
TCDD Eguwvalent © © ‘ ng/m \ 0.12 NA I i 012-017 " CETRED

NA - Not Applicable

8IF - Boiler and Industrial Furnace Regutlations (40 CFR 266)

Utah - State of Utah Air Toxics Palicy

RCRA - 40 CFR 264 (Subpart O, Incinerator Reguiations)
CETRED - Combustion Emission Technical Resource Document

Notes:

a) Projected emissions were estimated by scaling the piot test emissions

full—scaie system.
b

-

specific dispersion factor of 0.0012 (ug/m3)/(g/m.

[

7 mote percent oxygen.

from Test Run #2 to a 227 kg/h
Reguiatory limits with a "BIF” or “Utah” source wese caiculated from applicabie ground level standards using a site

Dry basis at standard conditions of 20°C (68°F) and 1 atmosphere. Concentrations have been corrected to

d) Based on total chlonde content of impinger solutions. The emissions were not differentiated for HCI

and Cly. The potential requlatory limit is the more stringent value for chiornne.
e} Based on USEFA 1989 toxicity equivalents factors.
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Table 5—9. Ash Particle Size Distribution — Dry Screen Analysis

Cumulative Mass Percent Passing
Sieve Size Cyclone Catch | Baghouse Catch

mesh |  um o/14/94 | 9/15/94 | 9/16/94 | 9/14/94 | 911594 | 9/16/94

20 | 8o | 939 | 1000 998 | 1000 } 100.0 100.0

2w | 0 | 886 : 9538 89.3 : 1000 | 1000 100.0

s | as | es | 70 w0 | 1000 | 1000 100.0

8 | a0 | s87 | 64  m7 | 975 | ws | 988

65 212 | s7s i 6s8 | 306 01 | w7 | 785

100 150 . 556 | 639 28.3 54.6 ’ 555 i 466

o 8 | s2s | e2 | 254 w6 | w8 | a7

200 | 75 | 42 | 523 | 208 e | 1 | 209

270 | s3 | asa | 478 | 175 48 Coe3 | 92

325 s | s31 . a3 | s 15 | 24 | 20

400 8 | 261 | %9 | 126 s | 1a | os

Pan . . o0 | o0 | o0 ¢ o0 | o0 Y
Mean Particle Size (um) | 95-100 | 6570 | 450 - 460 135 - 140 ' 435 - 140 | 160 = 170

Bulk Density (g/cm3)
Loose l 105 | 098 | 135 l 0.27 . 0.30 ! 0.27
Packed st | oias | o170 | oa2 | o4 | o039
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Table 5—10. Ash Particle Size Distribution — Bahco M

PARTASH2. WK1
Q28407
202585

icroparticle Size Analysis

E Cumulative Mass Percent Passing
Sieve Size r Cyclone Catch Baghouse
mesh l um E Composite Sample Cleanout Sample
100 \ 149 § 62.5 1 87.5
' 200 i 74 } 55.8 \ 87.3
400 ! a7 { 47.0 : 87.2
‘ 30.4 4356 87.1
248 ‘ 420 87.0
18.8 38.9 86.9
' 117 30.2 86.5
7.8 211 85.7
39 ? 1.2 71.0
2 29 41.1
\ 13 ’r 11 20.0
Mean Particle Size (um) E 55 - 60 2-3
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Table 5-12. Ratio of Baghouse/Cyclone Ash Concentrations 2

| Pilat Test Run :

Analyte % #1 ‘ #2 | #3b i Average
Chioride ! aza | 68 | 1113 61.8
Mercury t 38.0 l 46.0 | 23.0 357
Cadmium | 74 | 82 | 207 | 121
Arsenic ‘ 98 | 74 74 | 115
Silver | 1.7 i 5.1 i 22.3 ‘ 9.7
Lead 3s 38 128 | 6.7
Antimony 44 ' 40 6.4 ‘ 49
Zinc 26 18 42 29
Potassium | 15 18 sa | 26
Sodium | 09 | 17| 43 23
Copper 1.2 % 1.5 : 35 | 2.1
Barium 1.4 l 1.1 i 1.8 1 1.4
iron 13 | 08 | 19 1.1
Nickel i IR 09 1.2 :‘ 1.1
Aluminum | 10 | 08 12| 10
Magnesium | 08 | 07 | 12| 09
Calcium | 08 | 08 | IR 0.9
Chromium | o9 | 07 | 1.1 09

Notes:

a) Ratios were calculated by dividing the concentration of the metal in the baghouse
dust by the concentration of the metal in the cyclone ash.

b) The ratios are higher in Test Run #3 due ta the dilutional effect of the increased
bed carryover on the metals concentrations in the cyclone ash.
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Table 6—1. Ash Composite Mass Distribution

Mass Percentages of FBR Ash

Test Number and Date Cycione, % | Baghouse, % Total, %
Test 1; September 14, 1994 27.45 1.13 28.58
Test 2; September 15, 1994 27.70 0.76 28.46
Test 3; September 16, 1994 39.34 0.79 40.13
Baghouse Cleanout 0.00 2.83 2.83
Total 9449 | 5.51 100.00
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Table 6 3. Analytical Results of Stabilizing Agents
Blast
Fly Furnace
Analysis 3 Ash Slag
Major Metais (mass %)
Aluminum (Ai203) 22.40 7.862
Barium (BaQ) 0.49 0.04
Calcium (CaQ) 17.80 37.95
Chiorine < 0.02 0.05
iron (Fe203) 3.28 0.38
Magnesium (MgQ) 5.47 11.95
Manganese (MnQO) 0.13 0.62
Phosphorous (P205) ‘ 0.58 < 0.05
Potassium (K20) 5 0.43 0.44
Silicon (Si02) . 4535 37.90
Sodium (Na20) | 1.22 0.24
Sulfur (SO3) i 1.51 2.86
Titanium (TiO2) E 1.06 0.46
Total (mass %) | 99.72 100.51
Trace Metals (mg/kg) 1
Arsenic ‘ 37 < 20
Chromium l 65 26
Cobalt < 10 < 10
Copper 124 < 10
Lead i 77 21
Molybdenum ; 17 < 10
Niobium \ 23 23
Nickel 27 < 10
Rubidium 26 24
Strontium 4,803 396
Tin 143 < 50
Thorium 36 < i0
Tungsten < 10 < 10
Uranium 36 < 10
Vanadium 74 32
Yitrium 48 41
Zinc 44 27
Zirconium 376 524
Notes:

a) Results were determined by SRF spectrographic scan.
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Annex 1
Bench-Scale Test Equipment Photographs
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Figure 5. Four-inch-diameter Batch Kiln System

The batch kiln system used for this study was comprised of an electrically heated
furnace which housed the quartz kiln (right center of photo), followed by an
electrically heated afterburner (left center of photo), and the gas sampling system.
The Nomex filter and impinger train are shown on the far left of the photo. The gas
meter and vacuum pump shown on the right were used to measure the system flow
rates and to control system pressures.

Auxiliary equipment used in the process included the CEM and a data acquisition
system (not shown). Data was transmitted from the CEM through the data
acquisition system to the computer shown on the far right of the photo. A software
program was used to record the data on 30-second intervals, and the data trends were
shown graphically on the terminal.

Hazen March, Inc.
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Figure 6. Four-inch-diameter Batch Kiin and Afterburner

This photograph provides a close-up view of the batch kiln and afterburner that were

used in the testing. Both the kiln (on the right of the photo) and the afterburner
(left) were constructed of quartz. The afterburner contained quartz media (0.75 inch
outside diameter by 0.75 inch long) to provide mixing of the volatile matter and air
to enhance the combustion of volatiles.

Air was introduced into the afterburner at the connecting points between the kiln and
the afterburner. The connecting port was heat-traced and insulated to reduce the
potential for condensation of volatiles in that area. A thermocouple was positioned
between the kiln and afterburner to record the gas stream temperature between the
two units.

The afterburner was operated at a temperature of about 1000°C for the purpose of
effectively combusting the volatile matter that was carried in the gas stream from the
kiln. The orange glow emanating from the afterburner is the result of the electrical
heat that is provided to attain the required temperature.

HazenHodbarch, Inc.
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Annex 6
Test Metal Analytical Results and Calculations
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RUNI.WK1

046303
11/283
Table 3. Low Temperature Ashing — Test Run #3

345 711 379 998 131 18 1.5 16
346 711 378 997 131 18 1.5 16
347 717 400 998 133 18 1.4 16
348 697 403 997 134 18 1.6 16
349 688 404 996 137 18 1.7 17
350 695 406 996 138 18 1.6 19
351 693 407 997 140 18 1.5 19
352 693 408 997 142 19 1.4 20
353 692 409 996 143 19 1.3 20
354 691 408 995 145 19 1.2 19
355 692 410 996 146 19 1.1 20
356 692 410 996 147 19 1.0 20
357 696 411 996 148 19 1.0 20
358 686 412 996 149 19 0.9 20
359 683 411 996 149 19 0.9 19
360 679 414 997 150 19 0.8 19
361 683 415 996 - 150 19 0.8 19
362 683 415 996 151 19 0.7 19
363 685 416 997 151 19 07 18
364 685 417 996 152 19 0.7 18
365 686 419 997 152 19 0.6 18
366 690 419 996 152 19 0.6 18
367 688 419 996 152 19 0.5 18
368 691 421 997 153 19 05 18
369 689 420 996 153 19 0.5 18
370 690 421 996 154 19 0.4 18
371 689 422 996 154 19 04 19
372 690 422 996 153 20 0.3 19
373 690 423 996 154 20 0.3 19
374 689 423 997 154 20 0.2 19
375 692 424 997 154 20 0.2 19
376 689 423 997 154 20 0.2 19
377 691 425 997 155 20 0.1 19
378 690 425 997 153 20 0.0 19
379 682 404 997 143 20 0.0 19
380 623 397 990 134 19 0.0 12
381 577 392 983 126 15 1.7 7
382 544 387 976 119 17 3.7 8
383 517 384 968 113 18 1.6 5
384 495 380 959 108 19 0.7 4
385 476 375 951 103 19 0.3 3
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RUNI.WK1
11723

Table 3. Low Temperature Ashing — Test Run #3

305 573 363 996 134 16 0.2 14
306 593 364 996 134 16 0.2 14
307 615 364 996 134 16 0.2 14
308 637 364 995 134 16 03 14
308 658 364 996 134 16 03 14
310 660 365 996 134 16 03 14
311 667 366 996 134 16 0.2 14
312 675 367 997 134 16 0.1 14
313 674 368 997 134 16 0.1 14
314 679 369 996 134 16 0.1 14
315 674 368 997 134 16 0.1 14
316 688 369 996 134 16 0.1 14
317 690 370 996 134 16 0.1 14
318 690 371 997 134 16 0.1 14
319 701 372 996 133 16 0.1 13
320 698 372 996 133 16 0.1 13
321 703 373 997 133 16 0.1 13
322 700 374 997 133 16 0.1 13
323 704 375 997 133 16 0.1 12
324 702 376 996 133 16 0.1 12
325 703 376 996 133 16 0.1 12
326 702 377 997 133 16 0.1 12
327 704 379 997 133 16 0.0 12
328 703 378 996 133 16 0.0 12
329 704 380 998 133 16 0.0 12
330 703 381 997 134 16 0.0 12
331 704 381 997 134 16 0.0 12
332 705 382 997 134 16 0.0 12
333 708 382 997 134 16 0.0 12
334 699 382 997 133 16 0.0 12
335 705 383 997 134 16 0.0 12
338 701 384 997 133 16 0.0 12
337 703 381 998 133 16 0.0 12
338 708 379 997 132 17 0.0 12
339 702 380 998 131 18 0.6 13
340 708 382 997 131 18 1.2 15
341 714 382 998 131 18 1.8 15
342 704 382 997 131 18 1.9 16
343 701 381 997 132 18 1.7 16
344 697 _380 997 131 18 1.6 16
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RUNS.WK1

048308
11/288
Table 3. Low Temperature Ashing — Test Run #3

393 351 997 136 18 3.4 16
393 350 996 136 13 3.2 16
394 350 996 136 13 2.9 16
396 350 997 135 138 2.9 16
400 349 997 135 13 30| 15
400 348 996 135 13 3.4 15
399 349 997 135 13 36 14
393 344 941 135 13 3.4 15
391 346 975 135 13 - 2.8 15
403 347 979 135 14 2.2 14
414 345 983 134 18 25 13
419 345 986 134 12 4.3 12
420 345 988 135 11 5.2 1
418 345 990 135 1 4.8 11
413 346 991 135 12 4.0 11
410 347 993 1385 18 2.9 13
412 346 992 135 14 2.2 14
409 347 994 1385 14 1.9 15
396 347 994 135 15 1.7 14
405 348 993 135 15 1.2 15
417 348 994 134 15 1.0 15
425 348 995 134 15 15 15
427 348 995 134 14 1.9 14
428 348 995 134 14 1.8 14
432 348 995 134 15 1.5 14
426 349 995 134 15 14 14
424 349 994 134 15 1.3 14
438 350 996 134 15 1.0 15
446 349 995 133 15 1.1 15
449 349 996 133 15 1.5 14
450 351 995 133 15 1.4 14
453 351 996 133 15 1.1 14
455 351 996 133 15 0.9 14
453 352 995 133 15 0.9 14
455 352 996 133 16 0.7 14
470 352 996 133 16 0.5 14
485 353 996 133 16 0.5 14
489 353 996 133 15 0.8 14
501 354 996 134 15 0.7 15
519 355 996 134 15 0.6 15
535 356 996 133 15 0.7 15
552 357 996 134 15 0.7 15
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Table 3. Low Temperature Ashing

— Test Run #3

RUNI.WK1

11723

218 374 322 997 137 11 5.3 19 .
219 373 321 998 136 11 5.3 18 '
- 220 372 319 997 136 1 4.9 18
221 374 318 997 137 12 4.4 18 -
222 374 318 997 136 12 4.3 19
223 375 318 997 136 11 47 18
224 375 318 997 136 1 4.7 18
225 378 319 997 136 11 4.5 18
226 381 320 997 136 11 5.0 18
227 381 321 997 137 10 6.0 17
228 " 331 321 997 138 9 6.4 17
229 380 322 997 138 10 6.2 17
230 379 322 997 137 10 5.7 17
231 381 323 997 137 11 5.0 17
232 383 324 997 137 11 4.9 17
233 383 325 998 136 11 5.4 17
234 382 326 998 137 10 5.6 17
235 384 328 997 137 11 5.2 17
236 386 330 997 137 11 52 18
237 386 333 998 137 10 57 17
238 385 335 997 137 10 5.8 17
239 385 337 997 137 11 5.3 17
240 386 339 997 137 11 47 18
241 386 340 997 137 1 4.6 18
242 386 342 997 137 11 4.8 18
243 385 343 997 137 11 4.7 18
244 385 349 997 137 12 4.2 18
245 389 348 997 136 12 3.8 17 i
246 392 344 997 136 12 4.2 16
247 391 344 998 136 11 5.1 16
248 390 350 995 136 11 5.2 17
249 389 352 997 136 11 4.7 17
250 389 353 998 136 12 4.1 16
251 390 353 998 136 13 3.6 17
252 394 352 997 136 13 3.5 16
253 397 351 998 136 12 4.0 16
254 396 352 997 136 12 4.5 15
255 395 351 997 136 12 4.4 15
256 391 351 997 136 12 4.0 16
257 391 352 998 136 13 35 16
258 393 351 998 136 13 3.1 16
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RUNI.WK{

. 117289
Table 3. Low Temperature Ashing — Test Run #3
322 996 137 10 5.8 20
321 995 137 10 56 20
321 996 136 11 5.3 21
321 997 137 11 5.1 19
322 996 136 11 5.4 18
321 995 136 10 5.7 18
321 996 136 11 55 18
321 996 137 11 5.1 18
321 996 136 11 438 18
320 996 136 11 5.0 18
320 996 136 11 53 17
320 996 137 11 5.2 17
321 996 137 11 5.1 17
321 996 187 10 55 18
322 997 137 10 5.8 18
321 996 136 10 5.8 18
320 996 136 1 55 18
321 997 136 11 5.1 18
320 996 136 1 5.2 18
321 996 136 10 56 18
321 996 136 10 5.5 18
320 997 136 11 5.2 18
318 996 136 11 48 19
319 997 136 11 48 19
319 997 136 1 5.1 19
319 996 136 11 5.2 19
319 997 136 Ikl 4.9 19
317 997 136 12 45 19
317 996 136 12 43 19
318 996 136 11 4.6 19
319 996 136 11 5.0 19
320 996 137 10 5.6 19
320 997 137 10 5.7 19
320 997 137 10 5.6 19
321 997 137 10 5.9 19
320 997 137 9 6.5 18
322 997 137 9 65 18
321 998 137 10 6.1 18
321 998 137 11 55 19
321 997 136 10 55 19
322 997 137 10 5.9 19
321 996 137 10 59 19
321 998 137 10 5.6 19
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RUNI.WK1

117288
Table 3. Low Temperature Ashing — Test Run #3

130 355 325 997 137 7 8.9 17
131 355 325 997 137 7 8.1 17
132 354 326 997 137 8 7.6 17
133 352 325 996 137 9 6.8 17
134 351 325 996 137 10 6.3 17
135 351 325 996 136 10 56 17
136 351 324 995 136 10 5.4 17
137 351 324 996 136 10 5.7 17
138 352 324 994 135 10 5.9 17
139 352 324 995 136 10 5.8 16
140 352 323 994 136 10 5.9 17
141 353 324 995 136 10 6.3 16
142 352 324 994 136 10 6.3 16
143 352 324 995 136 10 6.2 16
144 352 324 994 136 10 5.9 16
145 351 323 995 136 11 54 16
146 352 322 994 136 11 5.0 16
147 351 322 994 136 11 5.1 16
148 351 321 995 136 1 5.3 16
149 352 321 995 136 11 53 17
150 351 321 995 136 11 5.1 17
151 352 321 995 136 11 4.8 16
152 353 322 995 136 11 5.3 16
153 354 322 995 136 10 5.9 17
154 355 322 995 136 10 6.2 17
155 355 322 995 137 10 6.1 17
156 354 321 995 187 10 5.8 18
157 354 322 995 137 11 5.5 18
158 356 322 995 137 11 54 18
159 357 321 995 137 9 6.3 18
160 358 322 996 137 8 7.2 19
161 359 323 996 137 8 7.6 19
162 357 322 996 137 8 7.4 19
163 357 322 995 138 9 7.0 19
164 356 323 997 138 10 6.4 19
165 355 322 997 137 10 5.8 19
166 355 322 996 137 11 5.2 20
167 356 322 996 137 11 53 19
168 356 322 996 137 11 5.5 20
169 356 322 996 137 11 5.4 20
170 357 322 996 137 11 5.2 20
171 357 322 996 136 11 52 20
172 358 322 996 137 10 56 20|
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Table 3. Low Temperature Ashing

— Test Run #3

RUNJI.WK1
11/283

F 87 353 307 992 136 10 6.1 14
3 88 354 307 991 136 10 59 14
89 354 308 991 136 10 6.0 15
90 356 310 992 135 10 6.2 15
91 355 311 992 136 10 6.2 14
92 354 310 986 136 9 6.3 15
93 354 311 989 136 10 6.1 15
94 357 312 990 136 10 5.9 22
95 358 313 990 136 8 7.3 19
96 358 314 991 136 8 77 18
97 358 315 991 136 8 8.0 18
98 357 316 992 136 8 8.0 17
99 "356 317 993 136 8 76 18
100 355 318 993 137 8 7.4 18
101 354 318 994 136 9 6.7 17
102 354 318 993 136 9 6.8 17
103 355 319 994 136 9 7.0 18
104 353 319 994 136 9 7.0 17
105 353 320 993 137 9 6.9 17
106 353 319 994 136 9 6.6 17
107 352 319 994 136 9 6.3 17
108 353 320 994 136 9 6.7 17
109 353 321 994 136 9 6.7 16
110 352 321 994 136 9 6.9 17
111 351 321 994 136 9 6.7 17
112 353 322 993 136 10 6.3 17
113 352 322 994 135 9 6.5 17
114 352 321 994 135 9 6.7 16
115 352 321 994 135 9 6.8 17
: 116 353 322 995 135 9 6.5 17
117 355 320 994 135 9 6.6 17
118 357 321 995 135 8 76 17
119 358 320 996 135 4 10.5 17
120 359 322 997 136 1 13.2 453
121 357 324 997 137 s 128 506
122 354 324 997 137 6 9.4 60
123 353 323 996 136 9 7.3 23
124 354 323 996 135 9 7.0 19
125 354 323 997 135 7 8.0 18
126 355 323 | 996 135 7 8.8 17
127 356 323 997 135 6 94 17
128 356 324 997 136 6 96 17
, 129 356 325 097 137 6 9.3 17
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AUNJI.WK1

11283
Table 3. Low Temperature Ashing — Test Run #3

[ 44 328 264 968 131 13 3.2 25
45 32 264 969 131 13 33 23
46 329 265 970 131 13 33 22
47 330 266 969 131 13 33 22
48 330 267 970 131 13 3.3 20
49 331 268 970 131 12 35 19
50 332 269 970 131 12 35 19
51 333 270 970 131 12 36 18
52 335 271 971 131 12 39 17
53 336 272 o7 131 12 4.2 17
54 336 273 72 131 12 4.2 17
55 336 274 T2 131 12 4.2 17
56 336 274 972 131 12 4.0 18
57 337 275 972 131 12 3.8 18
58 338 276 972 131 12 39 17
59 338 276 973 131 12 4.0 16
60 339 277 973 131 12 4.0 18
61 340 277 973 131 12 4.0 17
62 341 278 973 131 12 44 16
63 341 278 o738 131 11 47 16
64 343 279 974 132 11 49 16
65 344 279 977 132 11 48 16
66 344 278 976 132 10 55 15
67 346 277 977 133 10 6.1 15
68 346 278 978 133 9 6.3 16
69 346 277 980 134 10 6.3 15
70 347 280 983 134 10 6.1 15
71 347 284 984 134 10 5.8 14
72 347 283 985 134 10 55 14
73 350 279 986 134 10 5.8 14
74 349 279 987 134 9 6.3 14
75 350 282 987 134 9 6.5 14
76 352 282 988 134 10 6.2 14
77 353 285 989 134 9 6.8 15
78 353 288 989 134 9 7.1 14
79 352 291 988 134 9 6.8 15
80 352 293 989 135 9 6.7 15
81 353 295 990 135 9 6.4 15
82 352 298 990 134 10 59 14
83 352 299 990 135 10 6.1 15
84 353 301 991 135 10 6.2 14
85 354 304 991 135 10 6.1 14
86 353 305 991 135 10 6.3 14
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RUN3.WK1
11283

Table 3. Low Temperatwre Ashing — Test Run #3

1 23 227 929 57 16 -0.0 6
2 24 228 933 63 16 ~0.1 7
3 25 229 936 68 16 —0.0 8
4 27 231 938 73 16 -0.1 9
5 32 232 940 78 16 —0.1 10
6 40 233 942 82 16 —04| 14
7 50 234 945 87 16 ~0.0 89
8 ~ 60 234 948 90 16 —0.0 52
9 71 234 948 94 16 —0.0 38
10 84 233 950 97 16 0.1 34
11 100 231 951 100 16 0.4 27
12 117 228 952 103 15 0.9 28
13 136 225 953 106 14 2.1 29
14 156 224 955 109 12 4.0 19
15 173 225 956 112 10 5.4 15
16 189 226 957 114 10 6.0 14
17 203 228 959 116 9 6.2 13
18 216 230 960 118 9 6.3 13
19 228 232 961 120 9 6.2 13
20 238 234 962 122 10 6.0 14
21 247 235 963 122 10 57 15
22 254 237 963 123 10 5.4 16
23 262 239 964 124 11 5.0 18
24 269 240 964 125 11 4.9 19
25 275 242 965 126 11 5.0 20
26 280 244 965 127 11 4.9 20
27 285 245 965 128 11 4.6 23
28 290 247 966 128 12 43 26
29 295 248 968 128 12 4.2 29
30 298 249 968 129 12 4.2 30
31 302 251 966 129 12 4.1 31
32 305 252 967 129 12 39 35
33 307 254 967 130 12 36 38
34 310 255 966 130 13 34 41
35 313 255 967 130 13 33 37
36 316 256 966 130 12 37 30
37 319 257 967 130 12 4.1 25
38 322 258 968 130 12 44 23
39 323 259 968 131 12 43 23
40 324 261 968 131 12 4.1 24
41 324 261 969 131 12 38 26
42 326 262 969 131 12 35 27
43 307 263 969 131 13 33 _27]
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AUN2. WK1

117282

Table 2. Low Temperature Ashing Test — Test Run #2

302 596 361 993 136 16 0.0 8
303 604 363 993 136 16 0.0 9
304 59 363 993 136 16 0.0 9
305 605 365 993 135 16 0.0 9
306 599 364 993 135 16 0.0 9
307 597 360 992 132 16 0.0 9
308 614 362 994 134 16 0.4 9
309 607 364 993 135 17 1.8 10
310 610 365 994 134 17 2.1 10
311 605 365 993 134 17 1.8 10
312 601 365 993 133 18 16 10
313 598 366 993 133 18 1.4 10
314 598 366 993 133 18 13 9
315 600 367 994 132 18 1.2 9
316 596 367 994 131 18 1.2 9
317 592 367 993 131 18 1.1 9
318 593 367 994 132 18 1.1 9
319 589 367 993 133 18 1.0 9
320 590 368 994 134 18 1.0 9
321 s91] 372 993 135 18 0.9 9
322 588 379 994 137 18 1.0 9
323 589 363 993 139 18 11 9
324 589 384 994 141 18 1.0 10
325 585 385 994 142 18 0.9 10
326 586 386 994 143 18 0.9 10
327 591 387 993 145 19 0.8 10
328 599 390 994 146 19 0.8 10
329 602 391 994 146 19 0.7 10
330 602 392 993 147 19 07 10
331 605 393 994 147 19 0.7 10
332 602 393 994 148 19 0.6 10
333 ~ 606 393 993 149 19 06 10
334 604 394 994 150 19 0.5 10
335 606 394 993 1511 19 0.5 10
336 604 395 994 151 19 0.4 11
337 604 394 993 152 19 0.4 11
338 607 396 994 153 19 0.3 11
339 605 396 994 153 19 0.3 1]
340 607 396 994 153 19 0.2 12
341 605 396 993 153 19 0.2 12
342 606 396 994 153 19 0.1 13
343 607 390 986 156 19 0.0 14
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RUN2. WK1

040303
11/283
Table 2. Low Temperature Ashing Test — Test Run #2

993 136 11 33 15
992 131 11 4.3 14
992 133 13 2.8 19
992 134 13 2.3 12
992 135 13 2.2 11
992 136 13 2.2 11
992 136 14 1.8 11
992 135 14 1.8 11
991 136 14 1.7 11
991 136 14 1.5 11
991 136 14 1.2 11
992 136 15 0.9 11
991 134 15 0.8 11
991 135 15 0.8 11
992 134 15 0.8 11
992 134 15 0.8 10
991 134 15 0.7 10
991 134 15 0.6 10
991 135 15 0.5 10
990 134 15 0.5 10
991 134 15 0.5 10
992 134 15 0.5 9
991 134 15 0.4 9
991 134 15 0.4 9
992 135 15 0.4 9
991 135 15 0.4 9
993 135 15 0.3 9
991 135 15 0.3 9
991 135 15 0.3 8
991 135 15 0.2 8
991 135 15 0.2 8
992 136 15 0.2 8
993 136 15 0.2 8
992 136 15 0.2 8
993 136 15 0.1 8
992 136 15 0.1 8
992 136 15 0.1 8
992 136 15 0.1 8
992 136 16 0.1 8
992 135 16 0.1 8
992 135 16 0.1 8
993 135 16 0.1 8
992 135 16 0.1 8
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Table 2. Low Temperature Ashing Test — Test Run #2

RUN2. WK1
040303
11/283

6.9

18

377 409 992 144 8
217 376 408 993 146 8 6.9 15
218 376 407 992 144 9 6.4 14
219 378 405 992 141 10 5.8 14
220 378 405 992 140 10 51 14
221 378 405 993 139 10 5.1 14
222 377 409 992 140 10 54 14
223 376 413 992 140 10 54 14
224 375 414 892 140 1 5.0 14
225 378 414 993 140 11 4.4 14
226 378 412 992 138 12 4.0 13
227 377 413 992 134 12 3.8 13
228 381 409 991 124 i1 4.0 13
229 385 413 993 144 10 4.3 13
230 385 407 992 134 8 4.9 13
231 385 409 993 134 9 4.7 2,324
232 383 409 993 135 10 4.3 2,599
233 382 409 993 135 10 4.9 2,079
234 384 409 992 136 10 4.8 688
235 387 408 993 137 11 44 222
236 394 405 993 136 11 4.0 102
237 399 394 993 137 11 3.9 62
238 408 398 993 139 10 43 45
239 411 403 995 138 9 5.5 38
240 409 404 995 127 6 7.2 36
241 407 404 995 127 3 9.6 35
242 395 402 994 137 2 11.8 59
243 393 404 994 140 5 10.2 360
244 396 405 994 138 7 8.2 240
245 400 404 994 139 10 6.3 97
246 401 403 994 139 11 4.9 49
247 403 402 993 139 1 44 32
248 402 401 993 140 11 43 25
249 401 400 992 140 11 4.1 21
250 399 399 992 139 12 3.8 20
251 399 397 990 139 12 3.5 18
252 405 395 991 139 13 3.0 18
253 408 3%4 991 139 13 2.6 18
254 410 391 991 138 13 23 17
255 415 390 991 138 13 2.3 16
256 426 387 991 137 13 2.5 16
257 434 384 992 136 13 2.6 16
258 435 384 992 137 12 2.7 15

130




Table 2. Low Temperature Ashing Test — Test Run #2

AUN2 WK1

1283

173 358 367 933 138 10 55 16
174 357 368 933 138 9 5.8 16
175 358 368 993 139 10 5.6 16
176 359 361 993 139 10 5.4 16
177 359 358 933 138 10 5.6 16
178 360 356 993 139 9 6.3 16
179 360 361 995 140 9 6.3 16
180 361 357 992 140 9 6.0 16
181 362 356 | 992 140 9 6.0 16
182 362 358 992 141 8 6.8 16
183 361 358 992 141 8 6.8 16
184 362 359 992 141 9 6.5 16
185 364 363 933 141 9 6.2 15
186 "3€4 367 993 141 8 6.8 16
187 363 369 993 141 8 7.0 16
188 362 369 932 141 8 6.9 16
189 363 371 992 142 9 6.4 16
190 365 373 993 141 9 59 15
191 365 375 932 141 9 6.1 15
192 363 377 992 142 9 6.5 15
193 362 377 992 141 9 6.3 15
194 364 376 992 141 9 6.0 15
195 364 375 992 141 10 5.5 15
196 366 377 992 140 10 54 14
197 364 378 992 142 9 57 15
198 363 382 992 141 9 5.8 15
199 363 388 992 141 10 55 15
200 366 389 992 140 11 4.9 14
201 365 389 991 140 11 4.7 14
202 368 391 992 140 10 5.1 14
203 373 379 933 140 10 5.2 14
204 374 381 993 141 9 55 14
205 374 387 993 142 7 7.4 15
206 373 391 933 142 7 8.0 15
207 372 394 993 142 7 7.9 15
208 372 395 933 143 8 7.4 15
209 375 398 993 141 8 6.8 15
210 375 401 993 141 9 6.4 15
211 374 403 933 141 8 6.8 18
212 374 402 993 142 8 6.9 1)
213 377 404 992 143 9 6.5 15
214 378 406 933 143 9 6.0 15
215 378 408 993 143 9 6.3 15
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Table 2. Low Temperature Ashing Test — Test Run #2

RUN2. WK
11728

130 354 360 992 134 8 7.2 19
131 353 360 992 134 8 7.1 19
132 355 359 992 132 8 6.8 20
133 354 360 991 132 8 6.7 19
134 355 361 992 131 8 6.8 19
135 354 361 991 130 8 7.2 20
136 353 362 991 128 8 7.0 19
137 354 364 992 128 8 6.9 19
138 355 364 991 128 9 6.4 19
139 358 365 992 127 8 6.6 19
140 355 365 992 127 8 6.8 19
141 353 364 991 127 8 6.8 18
142 383 [ 365 992 127 8 6.7 19
143 354 366 991 128 9 6.4 19
144 354 364 992 129 9 6.4 25
145 355 362 992 130 9 6.5 24
146 357 360 992 131 9 6.4 22
147 358 360 993 131 9 6.4 21
148 358 362 992 131 8 7.1 20
149 357 362 992 133 7 7.8 20
150 357 362 993 134 7 7.8 19
151 356 360 983 135 8 7.5 19
152 354 357 992 135 8 71 19
153 355 356 993 137 8 6.7 18
154 356 355 992 137 9 6.3 19
155 358 355 992 137 9 6.3 18
156 357 357 992 138 8 6.7 18
157 356 357 992 138 8 7.0 18
158 355 357 992 139 8 6.9 18
159 353 359 9g2 139 9 6.4 18
160 353 358 992 140 9 6.3 18
161 354 359 991 140 10 5.8 17
162 354 359 992 140 9 5.8 18
163 354 359 992 139 9 5.8 17
164 353 358 993 140 10 57 17
165 352 362 992 140 10 5.5 17
166 353 363 992 140 10 5.0 17
167 354 362 991 140 i1 4.8 16
168 354 363 993 140 10 5.3 17
169 353 367 933 141 10 5.3 17
170 353 368 992 140 11 5.0 16
171 356 368 993 138 11 4.6 16
172 357 367 993 137 10 4.8 16
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Table 2. Low Temperature Ashing Test — Test Run #2

RUN2.WX1
11/289

87 354 315 998 127 8 7.2 12
88 353 316 998 127 9 6.6 12
89 354 317 999 128 9 6.3 12
90 356 315 998 128 8 6.6 12
91 356 318 998 128 8 7.2 12
92 356 320 998 128 8 6.9 12
93 355 321 996 129 9 6.8 12
94 357 321 996 130 8 6.7 13
95 359 322 995 129 8 6.6 12
96 360 326 994 128 7 7.8 13
97 359 329 994 129 7 79 14
98 358 331 934 130 7 8.3 13
99 357 332 993 131 8 7.7 12
100 356 334 993 129 8 7.2 12
101 358 335 993 129 8 7.2 102
102 358 337 993 130 7 7.8 507
103 358 338 992 130 7 7.8 162
104 356 339 992 131 7 8.1 26
105 359 341 993 129 7 7.4 14
106 359 342 992 129 7 7.9 13
107 358 343 992 130 7 8.3 15
108 357 346 992 130 7 7.8 19
109 356 345 992 132 8 7.6 24
110 357 346 992 131 8 7.0 23
111 357 346 991 131 8 7.1 22
112 357 347 991 130 7 74 21
113 357 349 992 132 7 77 21
114 355 350 991 132 8 7.1 21
115 354 349 991 132 8 6.9 21
116 357 350 991 132 8 6.8 20
117 357 351 991 132 8 7.4 20
118 356 352 992 133 8 7.4 20
119 355 353 991 132 8 71 20
120 354 351 991 132 8 7.3 20
121 357 353 991 132 8 6.7 20
122 358 354 991 132 8 73 20
123 356 354 992 132 7 77 20
124 356 354 992 132 7 7.8 20
125 354 354 991 132 8 7.5 20
126 354 357 992 133 8 73 20
127 355 357 992 134 8 6.8 20
128 356 357 992 133 8 69 20
129 355 359 991 133 8 7.2 20]
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AUN2.WK1

117283

Table 2. Low Temperature Ashing Test — Test Run #2

44 319 261 986 124 13 26 10
45 323 263 987 124 13 28 10
46 326 265 987 124 13 3.0 10
47 328 267 988 124 12 35 10
48 329 269 989 124 12 39 9
49 330 271 989 125 11 4.0 9
50 332 273 990 125 11 4.1 10
51 333 275 991 125 11 42 10
52 333 277 992 126 11 43 10
53 334 278 992 126 11 4.1 10
54 336 280 993 126 11 4.1 10
55 336 282 993 126 11 42 11
56 336 283 992 126 11 4.4 11
57 327 285 993 127 11 44 11
58 339 287 994 127 11 42 11
59 342 288 993 127 11 4.1 11
60 343 289 994 126 11 44 11
61 344 291 994 126 10 49 11
62 344 292 995 126 10 5.0 11
63 344 294 995 126 11 49 10
64 346 295 995 126 11 4.8 10
65 348 297 996 126 10 5.0 10
66 347 298 995 127 10 5.3 11
67 346 299 996 128 10 5.2 11
68 346 301 996 128 10 5.0 11
69 348 302 996 128 11 49 11
70 348 304 996 129 11 47 11
71 348 304 997 129 11 48 11
72 347 306 997 130 11 4.8 11
73 349 306 996 129 11 46 11
74 351 307 996 129 11 43 11
75 352 308 997 128 10 49 11
76 353 309 997 129 10 55 11
77 352 309 997 128 10 56 11
78 351 310 997 129 10 5.6 12
79 349 312 997 128 10 5.2 11
80 351 312 997 129 10 5.1 11
81 352 313 997 128 10 5.2 11
82| 353 315 997 129 10 54 11
83 352 314 998 128 10 54 11
84 353 312 998 129 10 5.4 11
85 354 314 998 128 9 59 11
86 355 312 998 128 9 6.1 12
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RUN2.WK1T

117283

Table 2. Low Temperature Ashing Test — Test Run #2

1 22 105 718 68 16 0.0 14
2 23 107 727 74 16 0.0 15
- 3 25 109 762 75 16 0.0 21
4 30 111 688 78 16 0.0 25
5 37 113 594 81 16 0.0 30
. 6 46 115 610 83 16 0.0 47
7 57 118 623 86 16 0.0 70
8 71 121 620 88 16 0.0 50
9 87 123 328 90 16 0.1 15
125 55 92 15 02 7

127 240 93 15 05 6

131 791 95 14 1.1 6

136 869 98 13 2.1 8

141 884 99 13 29 13

146 894 101 12 3.4 15

151 902 103 12 38 16

156 910 105 11 4.1 15

163 919 107 11 4.2 15

169 927 108 11 4.2 15

176 935 110 11 42 16

182 941 111 K 4.0 17

187 949 113 12 3.8 18

193 955 114 12 38 19

198 958 115 12 39 18

202 962 115 12 39 19

207 966 116 12 37 19

211 969 117 12 35 21

215 971 118 12 3.2 22

219 973 119 13 29 22

222 975 120 13 27 22

226 976 121 13 26 20

229 978 121 13 26 19

232 978 121 13 25 18

235 979 121 13 23 17

238 980 122 13 22 15

241 981 122 14 2.1 14

243 982 122 14 2.1 13

246 983 123 14 2.1 13

249 984 123 14 2.0 12

251 983 123 14 2.1 11

253 984 124 13 22 11

256 985 124 13 23 10

258 986 124 13 24 10
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Table 1. Low Temperature Ashing Test — Test Run #1

RUN1.WK1
11283

136

337 493 366 981 168 19 0.63 6
338 495 367 982 169 19 0.57 6
339 496 368 981 169 19 0.53 6
340 495 369 982 170 19 0.48 6
341 496 369 981 171 19 0.42 6
342 496 370 981 171 19 0.37 6
343 495 370 981 172 19 0.32 6
344 496 371 981 172 20 0.27 6
345 497 371 980 173 20 0.24 7
346 496 371 981 173 20 0.20 6
347 497 372 981 174 20 0.16 7
348 498 373 981 174 20 0.13 7
349 496 373 981 174 20 0.10 7
350 483 363 974 148 20 0.08 7




Table 1. Low Temperature Ashing Test — Test Run #1

AUNT.WIK1

117283

289 504 359 982 153 16 0.46 4
290 504 358 982 153 16 0.43 3
291 502 359 981 153 16 0.42 4
292 504 359 982 154 16 0.41 4
293 505 358 981 154 16 0.37 4
294 502 358 981 154 16 0.36 4
295 504 358 981 153 16 0.34 4
296 505 358 981 153 16 0.33 4
2097 503 358 981 153 16 0.33 4
298 503 358 981 153 16 0.31 4
299 506 359 981 153 16 0.29 4
300 504 358 982 153 16 0.28 4
301 " 503 359 981 153 16 0.28 4
302 505 357 982 153 16 0.26 4
303 505 359 982 153 16 0.25 4
304 502 359 982 153 16 0.25 4
305 504 358 982 153 16 0.24 4
306 507 359 982 153 16 0.22 4
307 504 359 981 153 16 0.21 4
308 503 352 983 151 16 0.20 4
309 510 355 981 148 17. 0.18 4
310 506 353 982 147 18 0.19 5
311 504 354 983 146 18 0.61 4
312 502 352 983 144 18 1.02 4
313 502 352 983 143 18 1.07 4
314 502 351 983 143 18 1.14 4
315 501 351 982 143 18 1.26 4
316 500 351 982 144 18 1.35 4
317 499 351 983 144 18 1.41 5
318 498 351 982 145 18 1.39 5
319 497 352 982 146 18 1.46 5
320 496 352 982 147 18 1.38 5
321 495 351 983 148 18 1.32 5
322 497 352 982 148 18 1.26 4
323 496 352 982 149 18 1.23 5
324 494 351 982 150 18 1.17 4
325 492 351 982 150 18 1.12 5
326 497 351 982 150 19 1.09 5
327 499 351 982 150 18 1.14 5
328 497 354 982 152 19 1.12 5
329 489 358 982 156 19 1.13 5
330 483 360 | 982 158 19 1.12 5
331 480 360 981 161 19 1.05 5
332 483 362 981 162 19 0.99 6
333 490 363 981 164 19 0.94 6
334 492 365 982 165 19 0.88 6
335 494 365 081 167 19 0.77 6
336 494 366 981 167 19 0.69 6
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Table 1. Low Temperature Ashing Test — Test Run #1

~ 241

392 359 987 156 7 7.88 11
242 392 361 987 156 6 8.47 12
243 390 359 987 156 7 7.80 11
244 391 360 987 155 9 6.77 10
245 394 359 986 156 10 5.86 9
246 395 360 987 155 9 6.29 10
247 394 360 986 156 8 6.74 10
248 395 359 986 156 9 6.19 10
249 399 357 986 156 10 5.42 9
250 402 357 987 156 9 5.71 9
251 403 358 986 156 8 6.85 10
252 406 358 986 156 9 6.67 10
253 407 359 986 156 8 6.73 10
254 408 358 986 156 8 7.20 11
255 409 358 986 156 9 6.65 10
256 414 357 987 156 9 6.09 9
257 417 358 986 156 9 6.31 9
258 417 358 986 156 9 6.80 10
259 416 360 986 156 10 6.01 10
260 421 362 985 156 11 4.98 9
261 424 363 986 156 11 4.44 8
262 427 364 986 155 11 4.83 8
263 430 364 986 156 11 4.44 8
264 431 364 986 155 12 4.13 7
265 436 363 985 155 12 3.65 7
266 445 364 985 155 12 3.24 7
267 452 363 984 155 12 3.51 7
268 454 363 985 155 12 3.68 7
269 458 362 984 155 13 2.87 7
270 464 363 984 155 14 2.13 6
271 477 363 984 154 14 1.84 6
272 481 363 984 154 14 1.97 7
273 481 362 984 154 14 1.91 7
274 484 362 983 154 15 1.34 6
275 492 361 983 154 15 1.05 5
276 493 361 984 154 15 1.06 5
277 491 361 983 154 15 0.97 5
278 495 361 983 154 15 0.84 5
279 496 360 983 154 15 0.77 4
280 500 360 982 154 15 0.73 4
281 501 360 983 154 15 0.70 4
282 500 359 982 154 15 0.66 4
283 503 359 982 154 15 0.61 4
284 503 359 981 153 15 0.61 4
285 500 359 981 154 15 0.58 4
286 503 359 981 153 15 0.53 4
287 504 359 982 154 15 0.52 4
288 502 358 982 153 15 0.50 4
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Table 1. Low Temperature Ashing Test — Test Run #1

9 9

8 9

8 9

8 9

9 9

10 9

10 8

10 8

9 9

986 155 9 5.98 9
986 156 9 6.07 9
986 155 8 6.86 10
986 155 8 7.06 10
986 154 8 6.89 10
986 154 9 6.23 9
986 154 9 5.91 9
986 154 9 6.38 10
986 153 9 6.73 10
986 152 9 6.36 10
987 151 10 5.93 9
986 151 10 5§32 9
986 152 10 5.58 9
986 152 9 6.02 9
985 183 10 5.75 9
986 153 10 5.26 8
986 153 11 4.80 8
986 153 11 4.88 8
986 154 10 5.25 8
986 154 9 6.21 9
986 154 8 6.91 10
986 154 8 6.87 10
987 154 9 6.36 9
987 155 10 5.83 9
986 155 9 6.11 9
986 154 9 6.54 10
986 154 9 6.01 9
987 155 9 6.10 9
986 154 9 6.43 10
986 155 9 6.19 10
986 155 8 6.91 10
987 156 6 8.47 11
987 156 6 8.88 12
987 156 7 8.25 11
986 155 8 7.26 11
987 155 9 6.40 10
986 155 8 6.64 10
986 155 9 6.70 10
986 156 8 6.66 10
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145 354 348 987 164 8 7.45 11
146 353 350 986 163 8 7.37 10
147 351 351 987 163 8 7.29 11
148 351 349 986 162 9 6.81 10
149 352 350 987 161 9 6.58 10
150 354 346 987 160 9 6.40 10
151 355 345 987 160 8 6.99 10
152 354 346 987 160 7 7.58 11
153 354 348 988 159 7 7.69 11
154 353 349 986 159 8 7.53 10
155 352 348 087 159 8 7.36 10
156 350 346 987 158 9 6.72 10
157 351 345 987 157 9 6.20 10
158 352]. 345 987 157 9 6.10 9
159 351 345 987 157 9 6.24 9
160 350 347 987 157 9 6.25 9
161 350 347 986 156 9 5.94 9
162 350 350 986 156 10 5.63 9
163 351 348 986 156 10 5.64 9
164 352 351 987 156 9 5.97 9
165 351 348 986 156 9 6.15 10
166 351 347 986 155 10 5.89 9
167 351 347 986 155 10 5.71 9
168 351 347 986 155 10 5.37 9
169 352 348 985 155 10 5.48 8
170 352 349 985 155 9 5.89 9
171 352 351 986 155 10 5.85 9
172 351 352 986 155 10 5.59 9
173 351 349 985 154 10 5.07 8
174 353 350 986 155 10 5.42 8
175 355 349 986 155 10 5.52 9
176 356 352 985 155 9 6.15 9
177 357 355 986 156 8 7.04 10
178 357 351 986 156 7 7.58 10
179 356 353 986 156 8 7.54 10
180 357 356 986 156 8 7.15 10
181 358 359 986 156 8 7.00 10
182 359 361 986 157 7 7.54 10
183 359 361 986 157 7 7.88 10
184 358 360 986 156 7 7.66 10
185 358 359 986 155 8 7.10 10
186 359 357 987 155 9 6.62 9
187 358 360 987 155 8 7.03 10
188 359 362 986 155 8 7.38 10
189 360 363 987 155 8 7.15 10
190 359 361 987 154 9 6.70 9
191 360 354 986 154 9 6.21 9
192 360 354 986 154 9 6.55 9
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Table 1. Low Temperature Ashing Test — Test Run #1

RUN1.WK1

1123

97 358 320 988 110 7 8.39 71
98 355 322 987 110 7 8.17 245
99 353 322 988 110 8 7.74 25
100 351 323 987 111 8 7.32 98
101 351 323 988 110 9 7.04 88
102 353 322 987 109 9 6.31 17
103 354 325 987 110 9 6.30 14
104 353 326 987 11 8 7.25 13
105 353 328 987 111 8 7.39 323
106 351 328 987 112 9 6.58 217
107 350 330 987 112 9 6.47 22
108 349 329 986 112 9 6.28 1,167
109 349 331 987 111 10 5.66 205
110 350 329 987 110 10 5.71 22
111 _350 327 986 110 9 6.13 15
112 351 329 987 110 8 7.00 14
113 349 326 986 110 9 6.57 15
114 350 329 987 109 9 6.03 13
115 349 328 986 108 10 5.80 13
116 350 328 986 109 9 5.94 13
17 352 328 986 113 8 6.97 13
118 352 328 986 117 8 7.14 13
119 352 329 986 121 8 7.34 13
120 351 332 986 126 8 7.09 13
121 350 334 986 130 8 7.34 13
122 349 331 986 134 9 6.80 13
123 350 333 986 138 9 6.07 12
124 350 333 986 142 9 6.80 12
125 350 335 986 145 9 6.49 12
126 350 337 987 148 9 6.61 12
127 348 335 987 151 9 6.09 11
128 349 336 986 152 10 5.83 11
129 350 337 986 154 9 6.00 11
130 349 335 986 155 9 6.23 11
131 349 336 987 157 9 5.99 10
132 348 336 986 157 10 6.00 10
133 349 336 987 159 10 5.44 10
134 350 338 986 159 10 5.64 11
135 350 335 986 160 9 6.09 11
136 351 337 986 161 9 6.35 11
137 353 339 986 162 9 6.58 11
138 353 340 986 162 8 6.90 11
139 352 339 987 163 8 6.93 11
140 352 340 987 163 9 6.84 11
141 353 343 987 164 9 6.67 11
142 352 342 986 164 8 6.89 11
143 352 345 987 165 8 7.08 11
144 354 347 987 165 8 7.19 11
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Table 1. Low Temperature Ashing Test — Test Run #1

RUN1.WK1

11/283

49 315 983 a3 13 2.61 15
50 317 278 983 93 13 2.86 14
51 319 280 983 93 13 3.06 13
52 3 281 984 93 13 3.1 13
53 322 282 984 94 12 3.24 13
54 324 284 984 94 12 3.41 13
55 325 285 984 94 12 3.48 13
56 327 286 984 93 12 3.58 12
57 329 288 985 94 12 3.77 12
58 329 289 984 93 12 3.88 13
59 331 280 985 94 12 3.85 15
60 332 291 985 94 12 3.87 15
61 332 292 984 95 12 3.98 14
62 333 293 985 95 12 4.03 14
63 333 294 985 97 12 3.97 14
64 334 206 985 98 12 3.96 14
65 335 297 966 98 12 4.05 14
66 336 208 985 98 1A 4.13 14
67 336 299 985 98 12 4.08 14
68 337 300 986 100 12 3.96 14
69 337 300 986 100 | 12 3.88 14
70 337 300 985 100 12 3.98 14
71 337 301 985 101 12 3.99 14
72 338 302 986 101 12 3.93 14
73 341 303 985 103 12 3.75 14
74 344 303 986 105 12 3.90 14
75 346 304 985 105 11 4.84 14
76 348 305 987 105 10 5.51 14
7 348 305 986 106 10 5.84 15
78 350 306 987 108 10 5.65 15
79 351 306 987 104 10 5.78 15
80 351 308 987 106 9 6.03 15
81 351 310 986 106 10 5.80 16
82 350 313 987 108 10 5.80 16
83 349 312 987 108 10 5.58 15
84 352 315 988 109 10 5.21 16
85 353 315 987 109 10 5.25 15
86 355 313 987 109 10 5.44 15
87 356 314 987 110 10 5.70 15
88 355 315 987 109 9 5.94 15
89 355 314 987 109 9 6.08 14
90 353 315 987 109 9 6.25 14
91 352 316 987 109 9 6.17 14
92 352 318 986 109 10 5.29 14
93 357 316 987 110 10 5.562 14
94 359 313 987 110 8 6.68 13
95 389 314 986 110 7 7.99 14
96 359 318 987 110 7 8.20 14
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Table 1. Low Temperature Ashing Test — Test Run #1

RUN1.WK1

11/283

1 23 221 976 61 16 0.03 4

2 23 223 975 67 16 0.02 3

3 23 224 974 72 16 0.03 4

4 25 225 973 76 16 0.02 4

5 28 226 973 78 16 0.02 4

6 35 227 972 81 16 0.03 4

7 43 228 973 83 16 0.03 4

8 54 228 973 85 16 0.02 5

9 67 229 973 87 16 0.03 5
10 83 230 973 88 16 0.03 5
11 100 231 g72 90 16 0.06 5
12 119 232 972 91 16 0.20 7
13 138 232 974 92 15 0.53 11
14 155 233 973 93 15 1.07 17
15 170 233 974 93 14 1.72 20
16 182 235 975 92 14 2.22 18
17 192 236 976 92 13 2.51 16
i8 201 237 g7 93 13 2.70 16
19 209 239 977 93 13 2.88 15
20 216 241 978 93 13 2.98 15
21 221 242 978 93 13 2.97 15
22 227 243 978 93 13 2.92 15
23 234 245 979 93 13 2.88 16
24 - 240 246 979 93 13 2.96 16
25 245 248 980 94 13 3.12 16
26 249 250 980 94 13 3.20 16
27 253 251 960 94 13 3.16 17
28 256 253 981 94 13 3.03 17
29 260 254 981 93 13 2.84 18
30 264 256 981 93 13 2.67 19
31 267 257 981 94 13 2.58 20
32 273 258 982 94 13 2.59 21
33 278 259 981 95 13 2.71 20
34 282 261 981 95 13 3.09 18
35 285 262 981 95 12 3.48 16
36 288 263 982 95 12 3.66 16
37 290 264 982 95 12 3.59 16
38 203 265 982 9s 12 337 17
39 296 267 982 95 13 3.22 18
40 298 267 981 94 13 3.13 18
41 300 269 981 94 13 3.02 18
42 300 2701 982 94 13 2.88 18
43 302 271 983 93 13 2.68 18
44 305 272 983 93 13 2.53 18
45 306 273 982 93 13 2.43 18
46 308 274 983 93 13 2.44 17
47 310 276 983 93 13 2.46 17
48 313 277 983 93 13 2.47 16




Annex 5
Test Operational Data
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HRI Project 8184 Page 2 of 2
Quality Assurance Checklist

Checked Witnessed
Analytical QA Checks by: (initials) ~by: {initials)

Were the as-reecived test samples submitted {or the appropriate analyses
Were the required blanks submitied for analysis
Were the test products submitted for the appropriatc analyses, and on a timely basis

Arc the analytical results for the samples within tolerance

) As-Reccived Sample Analyscs =077 %//-L-
Kiln Product Anatyscs =207 <
Nomex Filter Sample =0 1/
System Wash Solution (Kiln, Alterburner, andcnscrs, Trap) m]

Sampling Train Products
Filter 7/ /

Impingers 4%
. Linc from Nomex Filter to Sampling Train Filter

Were reference standards used during the analyses

Were repeats conducted as part of the analyses

Were duplicate analyses performed in accordance with the work plan
As-received Sample

Ultimate, Proximale, and Heating Value
Extractable Organic Halides

Lé,gU/

RCRA Metals

Size Distribution and Bulk Density
Kiln Product

RCRA Metals (if sufficicnt sample was available) NA

COMMENTS/SUGGESTIONS BY QA DIRECTOR PERTAINING TO THE QA PROCEDURES

NoTe . There wos insufficient kinash cnilable 45 Ao +he
Amhm{a nalyses. Alse fixed cochon nolyals :
was *o e condicted o the kidn ash ne de_,lonaiad
n thy QA ooy, Heueper Hoe wos insufhicort Freple.
nuailable do pertorm the Sixed carten cnolysis -

Hazen Fliﬁgarch, Inc.




HRI Project 8184
Quatity Assurance Checklist

N
Yo Al

Is the project work plan and QA plan completed and approved

Was the test sample logged in, and signed for using a chain of custody

Is the sample being stored in accordance with the project QA plan

Was the pretest safety meeting scheduled and conducted

Was apeer review of the test procedures and cquipment preparation performed
Is a project journal being used to record significant cvents of the program

s the test cquipment to be used well cleancd and operational
Is the system prepared {or testing according to the work plan and the test protocols
Calibration Checks (backup data requircd - sce autached sheets)
Continuots Emission Monitors (CEM)
Thermocoupics
Pressures
Mass Mecasuring Systcms
Flow Mcasurcments
Have the operational personnel reccived OSHA training and were they
present at the pretest safety mecting
Are there operational data sheets available to manually rccord the test data
Is the project journal available to record significant cvents of the tesis
Arc the systems in place and operational for continuous rccording of data.
- Inctude the CEM, data acquisition system, and computer logger

OA Checks Dyring

Were the manual and continuous data being collected and recorded
Was the project journal being used to record significant cvents
Was the test protocol being followed

Post Test QA Checks
Was the cquipment well cleancd at the complction of each test
Are data sheets and logbook entries complete and accurate
Arc the journal pages numbered, signed and dated by an opcrator and a witness
Werc the test samples collected and stored properly
Kiln Solid Product
Nomex Filter Sample
System Wash Solution (Kiln, Alterburner, Condenscrs, Trap)
Sampling Train Products
Filler
Impingers
Linc lrom Nomex Filter to Sampling Train Filter

HazenRggarch, Inc.

Page 1 of 2

Checked - Witnessed
by: (initials) by: (initials)

=oM %)—L ,




Ambicnt icmperature:
Baromeiric Pressure:

Lo6°F

24 3 7%

El Calibrati
Kiln Purge Flowmeter (Nitrogen)
Point 1, scim
Point 2, scfm
Point 3, scfm
Aflterburner Flowmeter (Air)
Point 1, scfm
Point 2, scfm
Point 3, scim
CEM Flowmcter (Process Gas)
Point 1, scfh
Point 2, scfh
Cooling Watcr Flowmeter (Water)
Point 1, cc/min
Point 2, cc/min
Point 3, ¢c¢/min

Temperatures

Kiln Thermcoupic

Kiln Control Thermocouple
Altcrburncr Thermocouple
Alierburner Control Thermocoupic
Nomcx Filter Thermocouple

Kiln Outlct Thermocouple
Particulate Filter Outlet

Kiln Inlet Pressurce
Afterburncr Inlct Pressure
Nomex Filter Outlet Pressure

Masses
Mctticr PM 34 Balance
Mettler PE 6000 Balance

HRI Project 8184 Page 1 of |
Instrument Calibration Record
Flowmcter Expected Calibration Date
Setting, mm Flow Flow Completed
2 L 0.05 0.0340 10)ISk3
52 0.10 o.091} _ /8/)S/A>
9 0.15 0.1427 /#/15/93
sS4 0.5 04570 /2//5)43
32 0.3 0.5 0 /15/9>
Zlo 0.8 0.702  ,0//5)13
/.0
( 15~ 0.947  10)5)9>
Z 2.0 1008 2/)1S) 93
S4[sk 400 1815093
101 /100 800 /15193
149) 142 1115/1200 /4/15/4%
1°Cby Hg  95°Cby Hg Date
Thermometer Thermometer Completed
2.1 95,7 12/ 5193
2.3 75,1 2415/ 1%
2.3 45,5 /0[/?2‘73
/.8 95.9 /011'5423
2./ 25:9 (0/15/92
(7 ¢517 /0!/f{25
1" water by 5" water by 8" water by Date
Manometer  Manomcter  Manometer  Completed
[ S.0 7.% /15192
/,0 5.0 2.9 whs793
51 5l 8./ 191/ 12
ey
/ ”r;m 2000 gram Date
Slandard Standard Completed
799.97 2000, O 8/1% /3>
/000,09 2000.2 1048/12

COMMENTS/SUGGESTIONS PERTAINING TO THE CALIBRATIONS

1< g Brxks mode! R-6-15-A i1th a q(a;s-p\oa‘k'-

K\ll’\ le%i ‘Flm

_After burrer Tlyumeles

s o Brocks model R-b1SB® whha ss 4 loat:

Hazen Rabffarch, inc.
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2184 I6-28-93

B\ﬂk DQ;'\S\"\, O’F K\\l’\ QS"\ Produd"a .

515 fouse /£’ packad
Test | product 30.3 34.9
Tes+ 2 product - 24. |\ 35.4
Test 3 prodwct * 22.1 32.8

TTest | product rcsu(*sj as repor+ed dpve , were conducted 1n
du‘;\\c_gkc, ' which werified the el butk dens&y Aetertmnation .

8194 11-4-93

The sSystem wash Somples From each dest were Found 4o cortann
Some. rsettled sohds. These solds wee £itieed Fraw Hhe sovples
drud , ond saird. The soluhons wue gua back Yo the onalfheal
lob fo coduct the opmpriate anclyses” Tha recorded weights
of the. solids recorred are as follows °

Test | System Wash Solids * o.o4-O3

Test T System Uash Solds ' 0.046
Test 3 syskm wash Solds: 0.0406

Consolidcid data Shzd;% of tha_ qas savpling data for ecch
“eat were st by teletax to Pul cdler ".'oc\zxi,

1/-9-93
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6 4

gI84 . .

1512 End 4est 3, Q0z 15 Wlow O %
Shot dewn fhe Kiln syskm  and allow o coo! overn ghk
- N a Actrogen porge,
gig4 . lo-27.93

30 Terlcd’mS C—‘(al\bp of Kiln sysdem :ol\owmj Tes‘i' 3

Kiln welght - G 1046.4 g
T 104%4. O q
N 2.4 g

There. 15 soma. black coloed residue (eondensed crsv“c\ at the
kila outiet For*:. We. wtll fry to recover +his as part of
the Kiln wash solution. The' ash will be recoured and seved

Separately.
Ash recouered ° 2-O3rom;

Kiln system wash solution

Savples of all products from the threa kiln fests, induding
required . Sample blenles, will be sbmiBed for analysts per the
project QA plan, :

3-OJ(’\tkl entres  data SWS, Ol\CLq Ccrfpgﬁc‘ di%k U{ the.
CEM and tevperature data will e sevt Yo Paul before the
end of the weex.

%ﬂ /)47 162793

[0-26-93
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\120

1340

1405

(4194

1426

(441

2184 [0-26-43

Note : Dunng the time when the Oy decrased fo 1% |, we
notided that the foen ratertal hod collapwed somwshat,
which covd Mave evolued excess orsanlcs, r:suHmS n
The. decreawad Oy contert. : s

E\kaus'\’ O 'V\Mca.smﬂ 5/’2;’/7’ fou&b’ds l?.:/o,
Tuherease kKln ‘romperactwe wzl'mllu a bouct
wel . Kidn bed 15 bubbly dark Tk
"Q—u'd ryer ~= 2la o¥f .lem3 \ © The vewaimna
Yoo o€ \&w’)Hn ode fecd q&s mletr o QM%.
L mass  tewperehore (widlle 14 370°C
Eauln ‘rc"Fem'\'wI =% \wm‘\' e’ o ftrer

IiVereo <2,

Addid some. sulahen betueen the kitn od afterburner . The
terrperatire there urs 325°C, and we want to iIncease it
40 3so®c..

Qonhnw\S 1o cperate. @ 380-390° <. Matertal ts shll
bl‘\'*s off slou\y" most of what rraains s the dark
brown, ek hqm&.

tala dermperature. 1S ‘HOOOC- Madertal +he kil t's a
dorle, brown, crusted madenial.

RQ?@H NerRaSINg kia "’m{rwn_ _‘\‘o To0°C. Current
terprature 157 G50°C.  CO, 13 Eelow 0.3% ,

Kiln tevperatue (s 100°C. We will hold of Yhes
“*erpasrature dor 1S9 minvies as we dd Ffor the test 2
& OO *°C .

Start arr 4o kdc\-l |n\‘\'|q\\7 @ 0.05 sd'-ﬁl Hen inceased to Ol sefm

€O, peaked @ 1.935% and s now decreasing. Aw flow 13 =t
@ o.l sctm-

19-26 93

=077
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8184 . 10-26-43

Qoo Preparing the systen for the thued and final fest of

Q1

Q30

O00

130

a3

Q4so

[ors

1033

Hoo

e waste plastic mMmedia.

We will run +Oda.\’; e st sum\& 4o TTest | end Test Z,
excapt Fhat fiaal carbon burnout will be & 700°c.

LOQC““% +L£* d’\crgq_ 4o kiln

Gross: = 12440
Tqrg ‘044.0
. . »h)t.* - 200.0 grams

CEM are. being Teroed and spanmd , NP purae s go1ng
though kaln sysken. We begen hza*\f\gl‘ﬁ\ afterburnes,

S+Q.'(: ‘"Qn‘hnj k\\\r\ L. | . - . ) oL
Kiln bed 4evperatume is 300°C, No d\o.ny. 6 materia !
opprarence, Othes Fhan o shight glossy gpraranca.

Kila temmperatue is 320°C. The materal 13 "xesmmhj*o
Show Slight expansion.

Kila +eﬂ\po.,rc*ur& 1s 330 °C. Bed expnsion IS Eggor«mj
Mord, pmM\f\”\t.

Bad *evvzrcajue; s 350°C. Materal Lepans N COVeS Yo of
he kin \cr\-r’r\\ and ﬁgcr\7 the corvpledta \nner diareter.

Corchinging 0 run @ abeut 350-355°C . Meaterial expansion
s Coutring all byt --fh.“gu'd‘wl” of. the kuila y and is touering Ha
ertve. incer diomeder.

The bed femperatue ached 358 - 360°C | ond we AW o
Aotcacble decrease. 1A Sxygen content (o a low of %),
Terrperatue was destard back Yo 353°C) ond O, has
recoveed to ©-1%. |

Matkerial hes boued down below Fhe outlet port o tha Kila, Tha _
brawn, tase lika ‘\qmd 1S Egg_omml vedle, 1n the kiln bottom,

10-26. 93
;(0 ”’% )0 -26-43

7
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8184 - 10-2%-93

030 Inchating cleanp of Kiln systen ond rﬁcoueq of RS{'
products. A

THLJQS sorrple fracn products wer cotlected anol
on S&Jf\d&\{' 10-24-93,

Kiln U)L\g\'\t . Gross 1046 .\

Tore 1044 0O
Net 2.\ arms

Tha, kiln outlet P“H' hos zome. ter -like resuduc on the
walls, ot 1t 13n% very much. The ash s simior 1n
appeorance 4o the ash of Test f.

Ash recouwred = ‘-83 { helaer , 21- 18203 grares s kiln resde which
will be recovered gx best as posuible

s Kiln Systen has been washed.7 ¢ so(uhon recorered

Todal valure = So+ mL
Total wegnt = S03.8 3

NoTE : The ah o test 2 bas a sh H'\ lighter cqpRorance
than fhe @il e Test | .,3 3

The afterbsrnr media had a shgntly derk @u;zac-u_‘!‘o if. Afder
washing the afterbirner (Gwice) w/ 0.1 N HNO;; I+ was
Placed™ 1 4he. electrical shell and heated. The Black colorahon

was rtemowed by this process,

— 0 7

/0-25 93

(oo
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B\ %4 - 10-22-93
| 440 Kl zonbeol .‘*'5” erature %50"(_,' 2ed
ﬁmp&ra&ra S50°C. ' O~ = 15% ‘LO,; 0.%\%
- Con‘\'\nwm\ WX cane \F—l\\'\ ‘\:e.w‘;cm:\urc —+>
00°C. .
1430 Bed forperature '8 @00°C. (O, is 0. 14 Y. We wil

nold at Goo°

(500 The LDy corcentration (3 less +kon Q.05 %s. We will
stast cur 40 the Kiln @ 150S. ' T tatked w/ Paul
Sadler of FOLLS, end we agreed that the 1S no
reason o }\QMA +¥1_500qﬂ4~€;f 30 tﬁ\ﬂUkLSr Qj
Wg*ure. , (as tha protecol states) when tre <oy

{3 =0 o,

1507 At o0 @ 0.05 SQ-{rv\) then adjsted o o scfm.

320 Tocrease avr to kiln 4o 0.2 <cfm~ .

1540 Extasst oy 15 down low 0,25 Y. Kila ferpectue
1s O °cC,

1543 CO, has dropped bedow 0.1%. Gad +est Shut off
power Yo kila and o:‘f“\*:rburr\w.r albw sorpa 4o wol”
undes QL purge..

%ﬂ ”% /0-22-93

10-22-1%

{8




2184

l0°22-93 -

1245 Tt apears that the O concentration i3 new steadil
neeasing. T 4 continves to do S0, we will \~crease
tha. kila 'Wq\'ue., which_1s still l"UN'\tQS ot about 39S - 0°C,

Kia +e~1zral-urc cormtroller was \nueased h‘/ to°c.
(320 0(—@-"4&:1-‘5 Oz_ io@cwhbxﬂék abnAu.a,ll.\s wereaning |
No w 100% . Lacreast Le\?euhuc conkroller

10° ¢ , =20°L xo 29C°PC , Red mmases 1o
about WR°C. :

1350 Ar S l\, c\rlmdér fon ldw-md we "’Qd %o Q.};Oh.i

J‘o G newl
one. . e, lost av flow +o the afterburngs for azpu% 1S weond S.

1389 We will now stert 3rqduql\" \ﬁf.&as\v\3 ‘\'e.r'-p:m‘\'um as volahle
- remoual terores less ohd less.

The target 3t ferperatue 13 ©00°C.

Ve ust exprinced ¢ deerease \n exyqen content to about 2%.
Tha kiln tt was about FOS°C. We deteated
4he kila Tovperatue ‘cnd the O has recowed +o abouve 6%,

Note - Kiln outlet -/uqo-:ra_fum has been rurning Q [ Hle Aof/o'
since 1330 fhan f did yestedsy: we wntfrolkd
1t at about 350 -370°C yesterdey, and f has
been at about 400°%C si;nce (330.

The fevperctue at the outlet 15 slouly coding,
with ad‘us{'me!\‘rs 10 the

I—xw syphied to
the heat Hrace betueen Thae kdn ond afterbourrer.

1ars -T"\(.. N\Q_“Q‘Q_\ ro«-\qmmj ALa +& k\\t\ 13 "H'\& dﬁl‘k“bm d\cf)

with two ndwdoal spots that are b‘/%"'\fi S\\ﬁ\\\'\y.

1830 Extaust 0, 15 couve (3% - W, s 1.1 °/o. C’—"'GAU"HV +q\m'\j
the terpercie p to OO C.

Note, the Nomex filter 90t @ shghtly dorker opeoronce shortly
after we exprienud +re decreased oxyqen. Tha sycter

1S ruhmv\3 Smooﬂ\\f' no 3\3h O‘r plugSQ?L,e.*t. M / g/wz
I
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3134 . l0-22-93

0430 S\,sﬂm =t -up IS ne_ar\\/ corplete. . Ggs cna\\’ws Gre Ee.mj
2eroed Aand Epannad. :

Q0 Conteung T haat op afterturrer. Corrent derrperature 13
200°C.” Start ar to AB T vacum pup. No on @ 0.1 sefmm

joele! S+th hu‘hf\i k\\ﬁ. M+¢f{)&)rw Wm.\s -180°C, ' .
1033 Red Jrerr?afq*um s 294°¢. No c.km%@_ n ratestal oppearanca. .

1oan Material 1 kda s @ 31°C. It has a 3lessy
appearence but has not Started e.xpundmj yet.

1052 Bed tevperature 13 3339C. First qndicahion of maderial |
expansion 1% bQ.\rxa sesn .

o Bed expansten 13 Now gouerm3 ' \i of “he. i\ \q;\sﬂn.ad
Y oof e Kila diamcler. Bed terpanitue 13 2348 °c.

E.*S'\QU.Sf O, s lo.Z% R o, s 53%.

130 Bed ferparatum 15 356 °C . O, 15 rfenqing From 1-G%o.
The tiln vouma (hesght ond length) 13 filldd wf tha
expanded ';OCJ"“Y material. No sigaifieat eolor dw\gz. . .

14S  Tempmrature holding @ 355 -360°C. Moaderal expnsion 13
shill Filing the avhire kila velume, end a gnall pation hes
poshed In¥o the 1Y duameter kaln outlet port.

Exhavst Qz s funeing ad cbovt ©.5-8 Yo . 'bk had -
ore spika of CO o about 300 pp , but otherwise CO ;
1S TUnRRg  IS-2S o, :

2z Addad s sulahon to the glass dubing of the atderturnes e
outled. Nomax intet WM 'S ruhhmj ~130° ¢ hefore $
addu\3 wnsulattion.

) *

1230 Foms.{ ateral 13 d\sm?q{-u\a , and +ha voluma n the Kaln
15 bedow the 1 outlet port.” Some focmy maderial 13
presant 1 the oUtlet port, hut W oas d\ssipcd‘m3 as well |
The foamy material 15 Light brown. Darker, brown hqud ean

be. seen at tha kiln bolem. oﬁ/ 2N /7’]7 10.2293




S84

l0-21-93

0630 Begn colleching fimal products from Baich Kiln Test | (scovd)

Kin l.lkxjh‘t . Qross \04-5.9
lare 1044.0
Nt - w49q -

The kila atlet port has some brawn Colored oreterial (orsomc.\
o~ s walls ) but 1t 15 not much.

)

The osh (s green-qrey 1 wlor. We will recover it S the
kdn | ond reweight that amounnt recowred. Most of the
ash s lose and Free flounng, but a smell amant s
shicking 4o the kil wall. TRUs portion wall = seraped
out fof totel ash collection. .

“Foh rcomed LG 3

Kila weight less ash @ 10443
loaa. o (*o(g)
Q.3 net grams.

The residue will = recarred as st et poriible as Kala wash.
Tha efterburner media are dear foday | excapt for o fuw
saddies ot the inlet to the 4 diareter 2etion of

the of terbucrer. The aiwr-nki- ube had a ghaht h)lld;ur of
brown wlored rraderial on ﬁ. byt & was very \\“\L.

Kiln systes hes been unshed " olutn recovecd.
Solution volurne Z 490 mL

Solution weght = 4718.2 groms

0830 LLoad d\or'jg“'o Kiln 1n peparation for dost L.
Gross 1244.0

Tare 1044.0
Not:MZoo.jd\mﬁa.f\\\s o ln o a - /)/)4
depth of chout V" acoss tts length. : — ;c 7/
-~~~ 0 -
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1500 C-Oﬁ‘\\nu\htj to 1nctase Yerpentue Slepuise 1a S-10°C \nuerments.
K\\t\ (*\Q*cr\a( \S Stm\\o.s' +Q ‘\"\O* seen a ‘4‘50 \:u* S\\S\\*\
\less volume . Marerial (deork Browa\ vs shill &\ou.)\7 &abbims_

1535 Bed “'U"‘?i"‘**“’ﬁ 1 395 °C. Materigl ki'n s brown (dar\&\)
\\qU\d ) st S\OUL’ L)bbb(ms'

1545 - Kile lrer"'\':era"ur{ 3 \DUh3 moe.a:.cd . Oz 13 S*md‘w Inceqsing
end O, g S*u:a\:\y dcoms\mj.

We wﬂ\ 3040 S00°C ona hold thae Tor 30 muvies of il €9 < 0,1 %,

x A4 ‘“\aj pont, e w.ll Sw\“‘d‘\ the '\)2_ 5% ‘{’O arr 4o burn éut
the. nsxc‘\uol carben. (he servpla will ke hdd at W«b&
wl aw uah WR 6qaWN see (O ¢ 0.l Y,

This cdhonge 1 the Yest prrtocsl was sug geﬂe_d by Oavid
Lloyd of MMES ad Paul Sadler of FOCUS, and was
f-\Sf‘&d to "3\1 Hazen.

IL30 Siert Q\'( to k\\n, TGN’?IUQ*UN. ls SQOGC- C_OL < o‘zo/.' :’ ..l.?\'

=Y

OZ, 10 exhaust yent :rom \S.Bo/o to {8.2°9/,, COo, s S*uﬂ\\\,

!n(:(aS\nS . -
L3e mqbrlq\ wn Kda e b(@'\\ns l\j}\kf N eonlor.
A s put 1St (39) s<fm. O = 182% 9. 1.2%

We. decensed e h\r\ control -\g,-.?mug o mainten the
fepoatoe 0 Fhe luln ® dbost SO0 ° .

40 A 4o Kiln 15 @ O.l-scfmn.,
QOL 15 @ .3 Q/O.

lbSo Tnwtaed avr Yo 0.2 XA to ehona burning -

L7 CO, 15D 0.86 %o and droppu\a 3*&6 \‘( Kiln aSk akerig |
15 it qrey - grean in color,

N €O, 15 belew Ot % | end Hest * shot off heat o kile and
qf‘b-bunq' a\low 1o ool oucrms\d undies Nf_ Pgr!-.' o
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1309

1230

1400

1a1s

14asS

1238

1240 Tmpe_ram » 350°C. Ex CNSILN \s over ‘\'\v. last 2/3 of

8184

lo-21-43»

Kia bed fevpeatre = 337 2C. Maderial expansion 15 more
proneuncad . Exhaust 0, s rumm3 LS. \2% .

the kin length ond wp ‘\'o Yo pf s Yolume, Thee hqs
Nt heen om, epansion Yo the butn outlet poct

Extaust Oz s rURANg 8-10%, O, s (o‘Bo/o.
Twod‘ut ho\dms & 350 - 35T *C.

Kula ' len -H\ excepting frent. (. md\ s ¥ illed w’ anded
(“\Q\u\a\ fo a t\L\S\r\\- ot @ \&qs’f o of +re 4’ inch daender kiln .

Sove. foemy maderial 15 Fremat ot the pont whwe the 4 neh sechion
necks dowt\ +o tha |-neh outled Por"l'

Foam 15 now corplately fillin the nnda demeter of the kil

acrnss (ts length except the lnch, and some matenal
(S pushing oot the kila outled port.

Foam uoluwe has deceaxad to about 4] o-"-'fkl Wla oer —

diamdter. Thare 15 a Small amout 1n tha kiln outle s
port, but 1S d\ss«PoJ\ns.

TInsulation was added +o glass fobing betuxen afier hurner ond

Nomex. la-ﬁpzrqﬂm necased From “HO°C to ol ot
the corrent Time

The ‘rocvmf material continoes 4o dissipate. As this melerq)

Boul's of{ we con 2o the C\arher thick liguid material
ot the botom of the Kala.

G, n e axhaust aas s drd+ 'ngq ou\~[ wpwer & 3- \S Mrm\'\7 10.27..
Tnereaxd e iln conkrol 3¢t pont 3o NV °C, from oS °C.

kila meterial 18 row mosf\7, a derk bwwn | liqud  motenal
at +the. botiomn of “he, kila. There 15 ot M\ [ ‘Foa-m’ \ook,mj
materia! at the front end of the in, whee the. wnlet qas enders

TNereased ‘L\\r\ Cgr\"(ro\ ‘,rurpe_ro*w{ omo-k-\z/ \0°¢c

AWM j0-21- 737—
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The afterbur~es {\uu media weas Bade ncolor this S"\Orh\nc?,
The aftesbormes was washed of acctone . C.UN HNO3 ; and rinse
- wuwh DT W, 0 Thes procedure. was performed twice.

The filler madia still has o Black color. Ore of the preces
of filler ks cwollecked and saved. Tt can s assayed for
tmetals, 18 determnned necessary.

o3o  Kiln s\{s"rm has been ukshed cnd\ s ek -wp. We are um“y
C.C.\\b(‘G:'hdﬁ -“-c_ CE,W’W\ 'M\oﬁ '?of -ﬂv_ks.‘. L

[elo &) Load SCN'QLL 4o kn’

Gross 1244\ g
Tare load O g
Ne t 000 9

Noraxt filter taken et of cuen, ond pre-ueyghed. Tt (s now
beung placed o the, $i\der opporatus .

Afterburnes 1 \*c:d\n% wp. Current  ferperctue 15 700°C.
We. are. MNow &wzc\mmi o sysiem for leaks.

120 Start vacuum putap. Tokiate ar @ 0.5 ~cfe. NL swee D
s 22t @ 0.1 schm. (Changed back prr Qrscusiten w  Paul Sod\u-3

125 Stact wia’ heating. Tachal mb ponk will be 300°C. We witl noe
rotate the Kiln du(‘\n% dhi sy fest

Wae YKin ‘Qr"gm‘futf— s o to 2.3S°C" O, s IZ.B"%; (e ® 249,

\ZQO Kidn be_d‘\-q-r?uojucg s 20°C No d‘mar. " Mmaterial appecendt

1220 Kin ted teperature 13 TS °C. Thee ts a shght wdiection
of maverial expansion. Yery stmder 4o Yas&e.-dcy's un @ this terperahue

tac

\A‘\

144



|SsS End  Yesd " remoue Kala Leom :umqu_,

10-20-1

1905 Returen 1358 and 1405, we fried 4o push the plastic rediq

at the font of the tula Furthar in do qet it volatilizing,
We tried 1o use the kula & fo do ths.

The mass of Plastic that had not volatilized was all

Stuck togethe a3 ond mast. The maderal that was softest
was wery sheky, and serre. of 14 adhered to the kun T.

1435 Terperctue 1s incrased Yo IB0°C. Exdavst O, 15 §-1%.

1503 Be_d Jﬁﬁ«perq*utt_ s 400°C. We will continve. o drive of§

orgenie by ncreasa +u~1r.ro\+w\ while raiftaining D legst

© %, OL in the exheust gas.

‘lhn_ Mg{l&.\ wn the Botarn of tha kaln ¢ dork brown
T“m& D '\‘\\L 'G’b(\f O“ "“L Kila .\S btsmnu\j *o ‘rh°+k.

Desorprion dest 1s nearly completed. The kala "fuv-pu'a'\u\
is 460°C , ond thae 81 (3% 0y ' the haugt,

‘1&7 Wtle %hmi maderial remains 1n the Yala.

Riln “'m-puo&um ts  SOD°C. €O, conwnkration s <0\ %

We will cun @ this terpratue. for \S muinuies more  then
end the fest.

Final product 15 @ brown -black ’ charred mcteial. Seeaa
0‘ l+ we s bro\\n.'\ ‘:KL'&UV\ '“\:. bo'ﬂotf\ o{ "'\'v_ ki\r\ (w\'\(rg
* had adhecd) by suaping it with e diln B

Finet Roduct Weught -

Gres  1204.8 — 7
Tare 1800 Q r0-/20-973
Net 4.2 q

163
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l24‘1 QD hQs Inweased 5MP\7 csqu‘\. 1‘\’ \"‘QS S{)lk&d to as h\gh

as  ReOO ppm- .
0, 890 -85%

O, ? 5.0-5%5%

1305 3ed ‘\’Gr"\pczra’wr{ 15 baina controlled D 338 -3 °C. O, conkent

renges from G -10% at this rperatuce.

Chonjed arr supely cylinder 4o afterwiner. Are nput was of f-line
4or less thon 5 seconds.

307

The foon vdume has decegsed Slﬁn‘ﬂmm‘y s Thoe s stlla
small amant at the kila outlet pori‘ but the balence
of the meteral s retared 10 te 4 inch dicrater sechion.

1330

The, feont 3 “ of the Kiln shil has plashic redia that has
p

its orgiral shape and cppeorence. The <oolng ffect of
e Na 13 probebly the cavse for thus matestal not frothing.

The. Yula temperature at the front end of the kiln measuvred
258°C. This was reasured by pu\lmj the thermocotple
b&Q\L ond l'co_é\&j ‘H\g +u-\$c_rcdu'& at Ahat mu\k. (E was "fc;(}w\j p\qsh()

The kin T was then repeschured 4o s orljmq\ locattion.

The Soan volume 1a the Kiln s now down 4o chout Ya of
'Hw. \’~\\f\ d\crf\dd.

1337

The moterial shill has a sliqnt brown cppecrace. | but d s not
black ond Farry like we saw +he €irst Yest.

1345 The O, ts pte 8.5 % ond s*and‘(\, nsng. We are. qoing
1o incease tha. terrprratue.

f'"c&r;q.‘ cortnrs 1o boil of7, the residee
e kuln becomes derker brown, ond ogpeoees r~ch Hrucker,

1358  As the -Gm'hl

T’w‘n\\j in

1405  Terperature 13 p To 315 °C.
¢ ® —2 ﬂ77 /0-20-93

Al —
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Bed .WQ*'U@ (s 2%0°%. No d‘\on%a N Matertal cpecrova

Te:*\pero\;ura 'S Pows 3AR "’C. -&d Matenal hes a S\\ShH\, 3‘q<.s'7
appror anca. | but thae s no d\cmic w colofr, .

Bed 15 @ 35 0C. There is some euidence of Materia |
expnston orund the_ edqes. of the bed mass.

We added sxre nsulahion *’o‘ +he 3\a§; ‘HJB\& From the a‘ﬁ'tr!l.n&!'

outlet 45 tre. Nomex wlet. TTerpeatua @ “Normex \A\ek 1
fow & 143°%¢.

No 51jnu-r|¢ch{ evolution 15 Bing sean @ 325-328 °c.
ExNavst O, - (.8 9%, ' o, = L /s .

TAwtased conkroller *\'aﬁ-ps:ra*um by dbout S°C to 3950°cC.

Ve d waass ha s &x':andcd APProV/maJ'cI‘., 30%
At thee h’o%cv\ inler end ot Hhe Ki\n tlere
15 \ e £ ary  Cxponsion,

Zed temperature 235

Materral color has not d\mav_d. The expanded ederial
has +he GppROrands. of a-?roﬂ-\mj foam .

Bod teperctue 13 246°C., Madeial exponsion now covers
about ¥3 of +he \Wila. TThe ket side stil shows no
exansion. Tha expasion hght 1s % 40 of the kuln diameder,

Some. of the raterial 13 e.)tpandmj out of Hhe 4-iach
Kin weron ,o:\d nte the | diometer outlet port .

Bed timperaturc 15 359 °C. Op s A 9.2-3.6%
Wk see occoscional buccts of organte release ) as ndicoled
by effetric pressure -ﬂud'uq'hons on the gavges.

F-OC::'\\.! matesial S taking on a s\\ski brown appearence.
with 073 qotn below C{°/o’ noticechle wecase i (O (s seen,

Lo gpiked as high as 1000 pon W/ 8% ©,.
/0-20- 33
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Q130 We are currm&-\\’ prepo;m3 ‘H\L S\/Skm ¥or fre Mext shdk&dcwn
Yest

NoTe * The e reidue fenaining 1n the. Wuln \ieshrdq wa s
burned out w/ air. A green coloed ash (2.03\‘0'\4)
was recowred after burang, ond 4l b\act' ter
residue as cm-pldd\/ renoved . Tha osh was sauwed.

a;als P“PQ(\r\i to load kuta-
Gross 2000, 7 9 -
Tare, 1200.0 Q
Ne.t 200, 1 j
Wa are. only -*aff\«a 200 4 Hor +ha purpose. of *his shakedown test,
We wiluse’ 0.3 sefm Ny as the kiln pPUrgd Fo incease the mass
flow w the kiln. This will all\ow +ha erganies o purge faster od
wll "ﬂ‘a\':port Jf\ur\ to +ha Q‘V‘kr‘u'n@ -FGSW.

Rctoal Nz flow 1s ' @ 0.2) scfm.

0a%S  Gas zorple purp 13 0. Turmed on ofterburrer ar o

0.5 cim.
Conmected +ha CEM gnalyzers . Expected O, coxaertraton 1
s 13.%%, by caletehon ag inlet 9as flow (0.21 N2, 05 av )

The CEMA g &od.mj 13.59°%, O, .

{6 a4} SHart \'\gghnj "H';L. s:'v?\.v_, in\;l'\q‘ s2t Po\nt 1s 200 °c.
The kila wll not e rotated during s test.

i01S Red toweratue 15 90°C. Plastic media lodks the some as 124
when we ot b tha il :

1o2s Ineeased Kin conbroller Yo 235 °C ., Bed derperature is
cufmﬁk/ WS o¢c ., . . :

oY No charae 10 material copearance..  fed ferpesatoe. is iMoc ' 24

1ok§ Ne &Mnjp ww pakermad appearanct, Ped temperature 221

_jﬂ Jo-20-93




The batch kiln system was ceaved out yesterday. The aferburner
was semt o Precision Glass Far medificathons.  The ar nechon -
port ond. T port tresre fabncated duectly to the afterburrer
nlet. These wee PN-Vlws\7 locatd on a @ conwctor prce
that hookad the. kiln to tha cfierburrer. This preee has

been removed  od the Kuln ond afterburnes are Nooked

d\r&&'ﬂ*’ +03d("¢)‘

The Fo‘rts of +'\'\4.._ .Q‘F{;U\wrtl\u \ook ke
air injection \ao}nt (%’ ¢p)

Themocourle. port ("2 by 3”lag)

We d\;msszd the inhial shokedown Fest w/ Paul Sodler, The
%‘l“‘“3 CUWJ\‘\'S/SU‘SSQ?‘"%S For the naxt test cre as
ollow s * : : : :

* Do not rotate fha-kiln; becavse of cporont swelling of-
materio\ during Neahna , .Ro‘kq\‘m} the kil seemns to
enhonce the Taterial™ beng pushed out +he kitn outled.

© The kila and aftesburne wil be hooked dl&é\\’ 4oﬁd‘\‘¢r,
as discussed above . ) : '

* Paul sugqesied mcens\gj the. N2 Flow - rate Yo the Kula
40 0.3 scfn (From 071 sefm) o Afterburnes avr wilth
e @ 0.9 Scrm.

*  Heat tre makrial 4o 300-3z5 °C ond monder The
O 10, qas composations. Mawntan the, O betueon

0-10%. TITnueose Yt Wc*uye 5\\3\\¥! (l'S'C.\ \‘F

Qy ts consxs*m‘“Y haher than 10% , od decrease. the

fm?gra‘\‘ut& \‘( oz_ < 6%,

T+ 4k Nomex i lter cloth wonk seal, use Fhe zome £ilker
media ued 1 the. offqas SQ"‘P\\r\j Icin.

Tf we have orgonic. condensahon whee dhe aur 1s injected %/Q
ko *\"\_t_ q_c*c:bufmf' ux My have. 4o wﬁq\r. m'/g.zo,g

— - e — -~
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0630 We o d\SSGSSm‘a\mB +ha kin S\{:*Q!’N for \r\s?e,chm,

The batch Wil contans a Black, Yarry residwe that 1
cdreed to the kutn walls. There s no ‘Fra;-mouns or
loose. Mmaterial g in the skall. .

The Kin outlet port (1" diemeter) 15 nesrly pluagede
with rakerial  +hat cppRer's 4o be volatqlized organie
that had redeposited n the coldes area of the outlet
port. Thee 13 only a Yy " dioreder hole 1 the recondensed
orqane. Whae the Nz purge was passing.

The connechon betwean the tiln ond after-burnes was wated
wl a darry sUbstawe similor 4o 4tha batch Biln. The ar nick
port (a Ya-inch nppld) softened ond tent yesterday dmmj
the. test.

The afterbuines ond saddles are cleon, but heve o derkered
wlor due *o the heot (360°CQ) mantawed durmj yeskrday S run.

The afterbune efavst hres do the Normex $1lder ae black w/
soot end unrned voletiles. Ths resuided froma hres dUr\f\j
The kst that the 0, concentration fall below 2%, ond
aflerhurner codd ot o all of ‘\’*\a- argenic. :

Tha  Nomax ‘E\’tcr \;luia'_d wl u\kwnd or3cn\cs‘ ad was euo\*uqi\’
+akan Fram the system.

Notes: The cnaderial bepn o 4 Hak @ orond 32-5"(-, &ur\r.\j
The st, o

The kiln rotadons use stapad at qond  LOO- 1630 sk day.
 Weneticed 4hat o pod of ‘Hacdk hgd n the botom
. ot th Kiln that was bb\:\lis\wl\l, Thus em-fual\Y
buhded aquY, bv fe od of lest.

At one pont in +\~.£s+(¥owd Hhe end) mmss of aknal
was  Seen OA\w-mS 40 the Mmo(_ouﬂq_ N the Kiln,

Z’ﬁ /01 9. 37
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(425  Kila outlet tovpeuntue just xseosed s\o.rp\\,. Oz conuntration
druped to dbout 2%. Kia terperatue ts 331°C.

The kiln odtlet #m*wv. wgs @ _7°°C-, P“‘N\'L’ because He
air et pont 1s at e sane. locaton as the trermocovple .
The ferperatue 15 now @ 650 °c. - ‘

T\\._ P(ashg media skt »\'\qs a st and wet qwun(_le
Materiaq 15 stil\ d\'\su\j 4o tre kin walls,

Alzo , condansahion 15 found et the Nomex filesr w;\d,, prof
to ges en*'f7 pont D tha serpl. tran.

f4S  The alass pece comﬂ.dwj dre kiln outlet 4o the of ferbumer
et nas twe a-inch g\ass nppes on tt, These ples ore
whee. B afterburer arr went 10, and uhee a derpaature. 15 measured..

Recavse e nipples are. glass, we ued tefion suwegelock 4‘\!&“\34 ‘o
atach. e T od gas lnlet to them. Although nulated, the
tefion 'ﬁ“\ngs qot too hot od melied. Consequotly, some of e
proce-Se qas s csc__cpmj oyt +hs port (unknown NM\

oo Normex £ er P\Uﬁ?“’* Wl oletiles ‘\“K:d condnsed thoe Tt has

L30 C—O«ha\,.ni To burn rraterial out of e kila. Tm‘iun. Yy 380 -38% °.
Exhaust O, s fum\\nj 8'\L°/a. CDL s (D'Q'(o.

1L45  Tnecaza *’erfp:ror*u& to0 40Co- 408 °¢.

\1006 Kila material o3 n-_czl‘, o\l huind oFF, Treensed “?—N‘P&J“U’& to
40 °C.

s Ena Kitn test. The madertal remoining tn tha kila (5 a glc.d:.)
“erey residue et (s adheed on the KUR unlls,
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1255 We have had frovkle eHing the  Komeyx fille 4o seal. Our sucgess
iMproved | ond the xal 13 good.

Tnritiate vacom povp to syskm. Stert afterbrrer ar flow
at about 0.5 sefm. Adjust pep flow do wntrol system pressues.

Kiln walet, 10" Kin Otlet, £4% | Nomex outlet | ~0.4"
{31p 'S+erk kuln reudutions 9 ZFPN\. Beau\ \‘t‘dmi ars ' -
25 Kia upto 90°C.

1335 Kilw fenvparature s up"\'o 132°C. Maderal 10 i'n Bas teken o —
wed Wonu. end dumu\j +09C'f’l‘9f

e Co, 13 INcRASNG 0, 13 du&q;\«j) Badw*% 1s oS °C . | }

1350 We took tha condansers oLt of *he sy:*w ..-Thl.y weR. pradin
Foo ruch coolng, Tha nomex wnlet was only Fuaning deout 3O °C.

The comple porg s ;ullmj- bt 0.56 scfm. Inlet rades e
0.1 Ng at tha Kla od” 0.5 scfm awr af e af ferburer.

Ki\a pressue 13 L3 ”‘) A.B. et s - (pmka\b dwe to
‘air antey b soma po\l\t.\) Norax ogtet 18 0.5 PO&\"MN--

. | L
1900 Tha plostic media 13 stk 4o +he kin uh\\s,o:omd 4he avtice
wiida diarneder . None of tha mekerial 15 frea ‘{'.lwmcl)cs i+ was ot the start
. N v %
A0S Kia temp = 270 °C, Oz* 10.2%
CO‘L: @.3010
EUS
1408  Kin pressure resdings are now fluctuahing erratically. This 1 (aosnk\? ‘
dw to orgnie. eolution , Tavperatuee 10" kuiln 15 300°C. -\
1420  Kin bevperahe is 25°C. Oz has iceased 4o 19% . Torn up
>, - e .

heat to +ha kuln.

Plastre media s ¢hll ad\ered ‘\’g'\"\m. ln wells,

Pjorhu. L ller inlek Wdum s how (12°C. /

A whie coud of bl at te. Nomex et
white 423 15 WS a’ A 7'7/0

e

S Y
= NG




~

o815 Pmpnr\:é to parform 5\!\\&(50‘4)!\ Yest of Plastic media

M:mv\\d‘u

O8%0  Fero ond..span. CEM (€0, O, ). Recorded Hhe
data on a qas calibraton log

0300 We are fonaing a Sesond TGA of the plashic media
e, In theT qest Hhe saple. will b heated o wreremental|
“erperatures © hdd thee bl no further weicht loss s
Sen. The st toperature. we will fegt to 13 325 °C.
This “everature was the pornt at whch S\jm{' reartt, un.ss\\t
loss tegon 0 the. First TGA 4est.

{o 00 A pe Pro‘eg'r sq'rd-\,_ m.n:}mj was teld 4o discuss +he

prorra  ond an mc:r\g sn:fd). procedures to bgfo\\owecl.‘
AHendees o< a3 ko“uué

Narme sgm‘iuec.
STee ﬁ 1riisce /‘f »\-/‘{,/’i., ,,_7:,

Lawrence /Yla7 2,7 7
CHA e 6!«;&—&7 7
/’/'A,Vr‘u( MK&,&" MM,/C'W/
04S Joad Fest cher je to kula. Afdesburner and heat '(q;g-@m

Kin o afieburrer have bean prdwu*h\\j Snea, dbout 0330.
After-bicmer 1S cxrently @ dbout GOO® C.

Kin Cherge © Gross werght 2079 83
Kia Ta. Weght —L:L&Q.-ﬁ_a.
Net Sqep\e_s 294.3 3

105 Set Neo purge. to” 0. | sc:fm mﬁmhh\t\ ~

Results Ffrom TCA ¥ 2. The saple showed a Slow | sleady weight

loss @ 32s°C , Quer (1D mnutes 4S % u&xﬁ\\* loss owurred. - The
Sevple torperadure. was wnweased to 400°C and the uright loss rale
was repud. The seple tost o addchonal 30%0 v about 10 munies,
Afder acther 10 mndes @ 400°C, the cesidual sopl was down 40 2.5 %,

— P — it C e ——— . e gt e = e -

/WM— ;_/Q/,% /0-/3‘92
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B4 10-14-33

The 4-inch dmder quortt afteturnes and filler medie (1Y gox¥e” L)
were re.cc\uu\ ot Haten Y¢s¥e.rdo7 afternoon .

A test wes pertormed Fo dexrrne. The votd dq\s\k’ of the filler redia .
Sufficient rMedia wee loeded t6 oo T L 5?&&&:03& +o fill (t Yo

the 2 £ mork. Waler Was added fo fill Hha und space , agan to
the 24 merk. TV\L {o\lwms dcata apply.

2L graduate 3% 1D x 4" high

\lolume, of  HaD n'.qwt.d 4o fill the verd Volum. cfler cddin ny
LWl ™ediar 4o the 2L enark™ :

T‘cs*: 1t 1650 mi H,0 +o fill vod
Test ~ 2. 1646 L H O 4o fll vad

This deta Show that 2 L of filler media ccotnk for oy chaut 20%

of the. cuclable vdume . /

[0~ /‘?» 93
Blo4 . . . 10-1%-93

rmo.\ p.qa-a*\oh o{ U-IU\ ﬁ. 1o &\3 done. 30O {'M“' we. ¢on
per(oﬂ"\ a S‘\c\v.clou)w fest on Mon ay, Octobes 21,

TOA of 4he p\ashc M 1S ben Fu-%mul A secord TEA will be
run such dhat the Sovples s heated in incemental steps 4o Mt*of‘
waght loss at mvmsv.d _teraprratures, »

Calibrations of qas ‘Fauv'dcs +kumocn.?\(s p&“w{ qavaes wugk scnlts <
weies flawndes well be. C“”?\L*‘d +odo ton tor l“‘\md ron
A Calluzhon Record 15 kept to show hxn collected d"""S

process.

Continuous ermssins m&ers at :d a\d wll bv.cnh‘rmkd Mmdqy
mwnms pror to the shakedown “’G*




8184 l0-13-93

The 100 gram pulue'\“eu:\ head serple was it o ponde a |
duphicate sorple,

Sarrples were S\Lﬂ\“e.d o the \akora“oq as follows.
pe \eah _'thro:_kmg ption Analyses

ARPM Mix Oltimate., H‘M() Heah Vehe RCRA medals + B?-ISB,‘TQ
Extractable. Qrganie, \-\a\\&u, Cly Kerl Fsdher Mo sdure

ARPM-D Mix e as dbve less CJ and Kad Fischer Morsture.
(per telephore, commsahen w/ Pl Sadler on (0-13-43)

As -Receed Plastic Media Mix
As- Recewed Plashe Medua - Quplicate My

NoTe. » ARPM Mix
ARPM - O Mix

Screen anclysis of +he as-recaved mudure (non- pulverized) was
performed. « dwpheae, The 1000 q Charqe. shavn on the previcus
e was sphit wto ™~ Yo, Two oF 4ne quries plvts were
selecded 4or prhicle s\t Astrivotion. The ona\sfsgs shawed that
only 04% of the sople had a prtick site less than 200 mesh
(7S muicon). Therefore. onabysts of the tvnus 206 resh ralenial

by hydrometer (per ASTM DAY will mot be performed § because of
Ha grnall wc.\a\'\t pereent of maus 200 mesh matenal. |

The ouerall fange of the sawple porticle size was 10 mesh x 400 mesh -
Butk dmgr\\’ of the samples was determund cs follows *
Density,bIfe>  Reeat If>  _Ava. b4’

Sphe ® |
loose. 42.94 42.(q 42.8
pocked 4. 41.0 46.9
Spl\t ¢ Y
loose. 42.9 43.0 43.3
packed 469 41 4 4.2

' 4/

- = ¢ ey ———
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8184 10~ 12-93 ‘
Samplé. frepagamon FlowsHesT
4372 | HoAT2 2
T\l ptt.ﬂ'_ ’“\QA\Q : N E - T\,PL;I M\Q
blend o blend @ o
© V-blender V-\?ien&r
l—SPl\t _——l l__ SP\\"’ —j
-~ 1.5 ks -—-z,gks .~ 25 Kg ~'I.S\(3
reject v 'Z)t‘.d’
(bagtlde)  Bend o . bed (bag ¢ lase))
l_— split -—-l rsf;l \Jt.
-~ 500 ~2Kg’ * 500
ba N\ / e
Type T Media combine. samples Type X Medra
(engure. equal SO/50 weaidrt)
R blend.
o . ;,.{ |
! B! !
o vy | Bogtms | <100
(100 g) o PSD.Y  ealmpile)  pukeriee nboder G dored)
Baq t 1 \q\t\ , b‘S" \abe | "sofs0 max ks* Ferge” 1ot and label
"S0150 m\\\\n.rqq.d'. ! * 3050 mudue. bead s:r'?\a
V psSD. = porhde sie Astrivuhon
NOTE: STORE SAmPES i REFRIGERATOR AT 4°C yuTIL FUKTHER NEEDED
%7 /
[0-12-93




8184~ | Io-u-q:;

Test savples (Tye T od Type X media) were recened at Hazen
+his afderncon. The chawn of c.us+od7 fortn was Sared bs/ l—c.rnl
May ,ond a Notdicahon of Wastd Treatment form was (_otq\e.kd
for wnternal R af Hazen. A freatab “\U()’C{'Of\" form was (gv?\du_d
ond the sarples were logged with wiemal Hazen' idesttrfication

num bers .

i'j .‘\ .
Savple T.O. Wesght gg - ez T.O ®

Type I reda .5 404121 '
Type T meda . 10.0 46972-2. ..
S o , 101593
8184“ . “ . . . I0.12.73',

Sc,wp{f_ otten wes ,‘nh‘fak_'d #ocfa 7-/'& -;[’/ow-fﬂtd
on the fgmny poge Shows The SCF'P(YL"prC_P“‘fM procedure.,

Pu(uefl‘tms e mMived serple 1o q firne Fu.uda.r ter Samical
Choracterization -analyses praxd diff i v . The meterial dud-
NOt wart to pulurize easily . S‘\'aa; pulveization wes pu-fumd\
on the muxdure head Sarrple unh\ e edhee sorple. (~ |00 3\ :
posed a 0O mesh (ISO um) scrten. |

SG”'P\‘- SP“*; ‘rd' l)o.‘kl‘\ kia ‘}:S"u\j end s::unmaly&z wees clsor
madz) as shaon on the cforer~entioned Flow shet.

. /777

10-12-93
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8184 ‘ 10-8-13

Sumrory of significent project exents,

¢ Proget s opened on Augosk 231993 . Rl Sadler (Foas)
and- Larey May (Heten) hed < qereral prugram diwussion
Y felephone for about 45 munuies., 1

* Equpment peparahon (the batch Kda systen) was nthated
djr\f\vg Hhe First week of Septemeer. .

* Paul Sadler od Lary May had a phone conwersation on Septerir 9.
We discussed +ha kuln sek-(p, end agreed to tre. Focus
and Hazen assignments for preparing the proect QA plans,

* Paul dler sent to Harenon er 16, 1983, The sections
of the GA plans cs prepored \:\, oD,

* On Seplenber 23, 1M3, L.am, May sevt to FoLS the
sections of the QA plans as prepaed by Hazen.

© On- Zeplevher 29, Larry May sext to FOCUS +he. eddorial
Commants B\, \—\Q)w :chrd\lj ‘H‘( FOCLS sechions of the GA P\m.

+ O Seplecber 30, Paul Sadler sent o bwud Loyd of Marhiy
/Marietlq Er\e_rj\! Systems (MMES) the. draf+ OR plang
 For tha programic A Copy also was' prouided fo Hazen -

¢ Loordinetion for ddwm, of spert p\os{"\g rﬂ.d\d\'Gm “\\\\ A
Force Baw (HAF®) 1o’ Haten was invhated Seplonber 241993, -

o Patch kiln sYshm set -up continues . Tt s deaided Hhat the
afierbuenes 40 b ysed For comustion of orgoucs emifed ram
+he. plashic. will be & 4k dumde X 16" long quetz ond
siler 1o the dimensions of the batch quortt kitn.

. mﬂ-w fom HAFB called Larey May en Odddker 41993 for
| final coerdination of sorple. dd‘w‘{ 16 Hazen.

o On Odoker B, 1 was decded that quorte +°L‘“3 (o1 “@ox %’ L)
wolld be. Lsed a$ filler media for the afterburier. The purpese
of tre -F'I‘\\er media, s to iwprvt qas Mwing ond Combushion 1N

he af
+he @ - 7




Purpose. :

HRT Project 8184
FOCUS Enviconmental | Tac,

Batch -kd\_'\ {15*\&3 of spet Mlastic media

The. purpose- of this ram 1S to perform cheracterization
and bhatch kin ‘fuicmgoso{ -{Wmt Pastic Mmedio. that
ts used for stegping pant from reuletary arcsatt.

The spent meda 15 a RRA pasie becavse of
" metals \md\a\nl&y. Charactertzahon analyses wiltl

determine concevdrathons of RERA mutals plus Ce,
TRand Sb 1 the spent medua. Ylhmade  proimale
oand he_g‘hr\j velue | extractable oroone M\\ALS UL
d\s*r\bm\on, ad .‘»\\\ d:nsv\-y alio wll be cickrm\ Jd.

Thermal sraumedne analysis (TGR)  will ke peformed to
determine. the weght loss of somple s ¢ funchion of
Fonperature, and the final ash weight as a percenteqe
of the sterting waght.

Beteh kin tests will be performed 4o evalvate 4he
choracdenshes of he media when dreated 10 en wrest
ateotphrerr, The fest progom 15 fdeded 4o dedesrmine
the fale of the redals from thethomal Hreatment -
The proces qases from the dect will be possed Theegh
G sapling frain Yo condunse and collect the medals
for tha porpose of medals &umﬁ*ah\d-y.

The. project was ?ma.d on Rug 23 1443 A

Sunmary O SELY reont pojed emen s $ran
o m\l\o&\m dete 1o the pregat s prou\dw\

on the rext page .
"

[0-8-93




Annex 4
Test Lab Notes, Calibration Records, QA/QC Notes
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S-MST.DOC
049303
1019/93

Offgas Metals Sampling Procedure

Sample name:
Location:
Equipment:

Procedures:

Offgas Metals
Offgas from the Nomex filter

EPA Muitiple Metals sampling train; petri dish with particulate filter; glass and polyethylene
sample jars with Teflondined lids, graduated cylinder, balance.

Exhaust gas from the test unit will be passed through a metals sampling train to collect any
metals on a filter and in an absorbing solution.

The sampling train utilizes a heated, low metals content filter and a series of five chilled
Impk-gers. Impinger 1 will be empty and will serve as a moisture knockout trap; impingers
2 and 3 will each contain 100 mi of a 5% nitric acid/10% hydrogen peroxide solution;
impinger 4 will be empty and will serve as a buffer to collect any carryover from impingers 2
and 3; impingers 5 and 6 will each contain 100 ml of 4% potassium permanganate/10%
sulfuric acid (these two impingers will only be necessary if mercury is determined to be in
the starting waste), impinger 7 will contain 200 to 300 g of indicating silica gel weighed to
the nearest 0.5 g.

When the test is complete, the samples are recovered as follows:

° Particulate Filter — The particulate filter is removed from fits holder and
placed into its original petri dish which is sealed with tape and placed in a
plastic bag (Container No. 1).

) Inlet Rinse ~ The intemal surfaces of the front half of the filter holder (l.e.,
all glassware from the Nomex filter outlet to the offgas sampling train filter
inlet) is cleaned by rinsing, brushing, and final rinsing with exactly 100 m! of
0.1N nitric acid into a separate sample jar (Container No. 2).

. Impingers 1,2,3, and 4 - The liquid contents of impingers 1, 2, 3, and 4 are
volumetrically measured to the nearest 0.5 ml or weighed to the nearest 0.5
g and placed into a separate sample bottle (Container No. 3). The U-tube
connectors and impingers are then rinsed with exactly 100 mi of 0.1N nitric
acid solution and the rinse is added to the sample bottle.

. Impingers 5 and 6 (mercury only) — The liquid contents of impingers 5 and
6 are volumetrically measured to the nearest 0.5 ml or weighed to the
nearest 0.5 g and placed into a separate sample bottle (Container No. 4).
The U-tube connectors and impingers are then rinsed with exactly 100 mi
of 8N hydrochioric acid solution and the rinse is added to the sample

bottle.

. Silica Gel —- The silica gel contents of the fifth impinger are weighed to the
nearest 0.5 g.

. The following blank samples will be collected once during the test

program: 300 ml of the 0.1N nitric acid solution; 200 ml of the nitric
acid/hydrogen peroxide reagent solution; 100 mi of 0.1N nitric acid -
solution; 200 mi of 4% potassium permanganate/10% sulfuric acid
(mercury only); 100 mi of 8N hydrochloric acid (mercury only); and one
unused particulate filter. _ ‘

All of the sample containers will be assigned numbers and labeled with date and test-run
number. The samples will be turned over to the sample coordinator who will record the
appropriate data in the field logbook and transfer samples to the lab personnel conducting
the required analyses.
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Annex 3
Offgas Materials Sampling Train Procedure
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